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1.0

PROJECT SUMMARY

DOCUMENT ORGANIZATION

Unlike previous Long-Term Hydrobiological Monitoring Summary Reports, this
document has been subdivided into three separate subsections to facilitate the reader in
reviewing the large number of Tables and Figures contained within the overall text. The
first bound section (this portion) contains the written text, including the Project Summary,
Introduction, Phytoplankton and Primary Production, Zooplankton and Vegetation portions
of the document. The second sub-section contains all Figures.

General figures are

preceded by the designation "G", while figures corresponding to the phytoplankton,
zooplankton and vegetation sections are designated "P", "Z" and "V", respectively. The
final document subsection contains all Tables divided by the same preceding designations
as used with the figures.
NOTE: In reviewing the "Draft" of this document, District staff requested additional
analyses of the long-term data collected during the Hydrobiological Monitoring Program
in aiding them in the Permit Review Process. All Tables and Figures generated during this
process are contained within a supplementary sections designated "Addendum". These
added Tables and Figures are referred to in the Text as "Figure A-1, Addendum Table 1,
etc.
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INTRODUCTION

Specific conditions of the Southwest Florida Water Management District's
(SWFWMD) initial and subsequent consumptive use permits for the Peace River Regional
Water Supply Facility have set forth requirements that the Regional Water Supply Authority
conduct a comprehensive hydrobiological monitoring program. The District's continuing
expressed purpose in mandating this requirement has been to ensure the continuing
development of significant long-term data bases needed to establish and assess the
responses of various physical, chemical and biological characteristics of the Charlotte
Harbor estuary to changes in Peace River flow. These long-term monitoring programs
have specifically been designed to evaluate the consequences and significance of natural
salinity changes inherently associated with seasonal variations in freshwater input.
Specifically, with regards to establishing the effects of natural long-term variations in river
flow onthe overall health of aquatic fauna and flora communities in the lower Peace River
and upper Charlotte Harbor. Once having established the influences of natural variations,
a corollary goal of the long-term monitoring program has been to determine if freshwater
withdrawals by the Peace River Water Supply Facility can be shown as having significant
impacts or causing quantifiable alterations within the biological communities of the upper
Charlotte Harbor estuary.
A series of sixteen previous reports have been filed documenting the results of the
hydro biological monitoring program during the period from January 1976 through
December 1993. These reports include summarizations of data collected during the first
four years of baseline monitoring, prior to the start of freshwater withdrawals, as well as
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comparisons of these data to the results obtained from the hydrobiological monitoring
programs during subsequent years of water treatment plant operation. As required under
the most recent Peace River Water Supply Facility WUP Permit (#2010420.01), this
document summarizes and extends the findings reported previously regarding
phytoplankton primary production and community structure at four salinity zones within
the Lower Peace River and Upper Charlotte Harbor between 1983 and 1993. In addition,
the taxonomic composition and structure of phytoplankton and zooplankton assemblages
from samples collected, between 1988 and 1993, in conjunction with the monthly salinity
based primary production investigations are presented and analyzed. This document also
includes a comprehensive summary of long-term vegetation patterns and changes which
have been documented between 1976 and 1993 within a 15 mile transect along the lower
portion of the Peace River subject seasonally to changes in salinity with variations in
freshwater flow.
Natural seasonal variations in freshwater inflow into estuarine systems have been
shown, in both temperate and tropical systems, to influence resident biological
communities primarily through four major mechanisms: 1) moderate changes in flow can
rapidly and significantly affect the relative physical positions of salinity zones within an
estuary; 2) variations in freshwater input result in alterations of both the ambient
concentrations and loadings of the major macro-nutrients typically associated with
phytoplankton growth (nitrogen and phosphorus), as well as silica, iron and trace
micronutrient which can further affect phytoplankton community structure; 3) decreases
in water clarity (turbidity and color) associated with increased flows can alter the

penetration of light within the water column affecting both phytoplankton as well as
seagrass communities; and 4) high freshwater inputs can create strong salinity
stratification resulting seasonally in zones within the estuary characterized by anoxic
bottom waters which may limit the distribution of many species.

PRIMARY PRODUCTIVITY

Changes in freshwater inflow into the upper portions of Charlotte Harbor estuarine
system potentially influence measurements of phytoplankton primary production (carbon
uptake and chlorophyll a biomass) and community structure primarily through: 1) affecting
the ambient concentrations and loadings of macro- and micro-nutrients; and 2) influencing
water color and the subsequent amount of light within the water column. Changes in
water color influence not only the depth of the photic zone, but can lead to the selective
advantage of those phytoplankton taxa able to maintain themselves in the upper portions
of the water column.
The analyses and conclusions regarding phytoplankton primary production and
structure presented in this report extend previously reported results to include a full ten
years of study. The length of this portion of the Hydrobiological Monitoring Program
strengthens the accuracy of the interpretations relating patterns of phytoplankton
production, biomass and community structure with seasonal variations in Peace River
flow. The long-term nature and comprehensiveness of this data set make it extremely
unique in comparison to most similar studies of estuarine phytoplankton production. As
such, short- and long-term interactions between natural variations in freshwater inputs and
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resulting phytoplankton production are uniquely apparent in this study.
Physical/Chemical Parameters - In order to develop a thorough understanding
of the dynamics of phytoplankton production within the Lower Peace RivertUpper
Charlotte Harbor estuarine system, it is important to comprehend both short- and longterm variations of those physical and nutrient parameters normally associated

with

influencing phytoplankton growth. Both long-term and seasonal monthly averages of a
number of physical and nutrient parameters, as well as phytoplankton production and
biomass, were plotted for measurements taken at each of four salinity based stations
between June 1983 and December 1993. Visual analysis of these figures suggested the
existence of close relationships between changes of various estimated parameters and
associated phytoplankton production and biomass.
Descriptive Analysis - Primary production and biomass patterns were summarized
by comparative graphical analyses of the relationships between phytoplankton responses
and the combined influences of seasonal and flow related parameters. Temperature was
selected to serve as an extremely stable proxy for seasonal variation, representing both
increasing/decreasing ambient light and metabolic activity. Ambient water color was
chosen to represent the combined competing influences associated with higher
freshwater inputs: the stimulation of increasing nutrient loadings, and the negative effects
of decreasing light penetration of the water column.

The following patterns were

apparent:
1) Both phytoplankton production and biomass were found to be low,
irregardless of temperature, during periods of low water color.
2) As color increased to intermediate levels, both phytoplankton production
-5-

and biomass showed significant positive responses. The magnitudes of
these responses were observed to be highly temperature dependent.
3) Past a point, however, further increases in color overwhelmed the initial
stimulation of increasing nutrients associated with flow, and both production
and biomass declined rapidly.
Principal Component analysis - was used to evaluate the combined and relative

influence on phytoplankton responses of the 25 physical and chemical parameters
measured during the study.
This analysis indicated that:
1) The highest measured production rates and chlorophyll a levels
occurred at 6 and 12 0/00 during periods of relatively low freshwater inputs,
coincident with high seasonal temperature and light.
2) Increasing nutrients, independent of flow, resulted in stimulation of
phytoplankton production and biomass. Such phytoplankton responses
also increased under similar flow conditions with increasing nutrient levels.
3) Strong interactions between light, temperature and nutrient levels were
apparent. At relatively low temperature/light levels, increasing nutrients did
little to increase productivity, while increasing temperature/light at constant
nutrient levels resulted in dramatic increases in phytoplankton production.
Multiple Regression Models - were developed to provide statistically predictive

estimates of phytoplankton production and biomass from the measured phYSical and
nutrient parameters. The resultant predictive models accounted for 44% of the observed
variability in carbon uptake and 37% in ambient chiorophylll! levels.
Relationships between Carbon uptake and chlorophyll ~ - Chlorophyll a as an

estimate of biomass can be influenced by both ambient light levels as well as the
nutritional state of the cells. Chiorophylll!, thus, often represents an integration of the
phytoplankton community's response to longer-term influences. Carbon uptake rates
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reflect the cumulative effects of current conditions, and reflect ambient growth potential.
Although analysis indicated that the two measurements of phytoplankton production: 1)
instantaneous growth rates as measured by carbon uptake, and 2) integrated growth as
measured by chlorophyll a biomass, generally followed similar seasonal trends at each
of the four salinity zones there was only weak direct correlations among these two
measurements of phytoplankton production.
Long-Term Trend Analysis - the physical/chemical/primary production data set

has extended over a sufficient period to allow for the use of modeling techniques which
test for the presence of long-term trends with regard to time. The SEAS KEN procedure
for testing for monotonic trends in time using modified forms of the Kendall's Tau and
Seasonal Kendall tests was used to analyze for the presence of long-term trends in the
various chemical, physical and biological data collected at the four salinity zones between
1983 and 1993. Values analyzed within this report, for the first time, encompass a full ten
years of long-term data collection.

As a result, significant levels adjusted for serial

correlations have become statistically valid .
Data analysis indicated no Significant trends in Peace River flow (as measured at
Arcadia) between either the periods 1976-1993 or 1983-1993. Water withdrawals at the
treatment facility (within existing permit limitations) showed distinct increases both
between 1980-1993 and the specific study period 1983-1993. A significant long-term
decline between 1983-1993 chlorophyll .£ was observed at the 0 0/00 salinity zone.
Significant long-term declines in orthophosphorus concentrations have been observed
within the three lowest salinities 0, 6 and 12

0/00.
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These results confirm similar findings

of the USGS and recent analysis conducted for SWFWMD indicating long-term declines
in phosphorus concentrations in the Peace River.

(It should be noted, however, that

phosphorus levels continued to be extremely high in comparison to most other estuarine
systems.) Significant long-term increases were apparent:
1} in Nitrate/Nitrite Nitrogen levels 0 0/00 salinity
2} silica concentrations at the two intermediate salinities

3} Total Kjeldahl Nitrogen at the three highest salinities zones
4} at 20 0/00 salinity in water color, phytoplankton carbon uptake, and the

extinction of light within the water column.
One suggestion may be that the observed declines in chlorophyll Bat 0 0/00 salinity may
in fact result in part from a change in the seasonal pattern of early Spring rainfall. The
resulting decline is of particular interest, since it emphasizes the dependence of
phytoplankton production at the lower salinities upon river flow during the Spring when
flows are often very low. The observed long-term increases in: 1} Total Kjeldahl Nitrogen
at the three highest salinities; and 2) phytoplankton production at 20 0/00, and the
corresponding increases in water color and the extinction coefficient of light within the
water column; are especially of interest, particularly since it seems to be independent of
any corresponding change in river flow.

If such trends continue, they may well be

indicative of increased nitrogen loading of the higher salinity reaches of the Harbor by
non-point source discharges into the estuarine system.
Taxonomic Determinations and Phytoplankton Community Structure -In 1989

the collection of monthly samples for the analysis of phytoplankton community structure
was begun in conjunction with the long-term study of phYSical/chemical water quality and
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primary production at the four monitored salinity zones.

Phytoplankton community

structure has long been used in other studies as a useful tool in assessing both temporal
and long-term changes in water quality in estuarine system. Distinct differences among
the major taxonomic groups were observed with regards to the four salinity zones, both
with consideration to species composition and seasonal patterns.

1) 0 0/00 Salinity - Blue-green algae are a very important part of the
phytoplankton community during the period from February through April.
Green algae are typically dominant or show major increases in May during
periods characterized by low Peace River flow. Flagellates, by comparison,
show a strong increase in their importance within the phytoplankton
community related to increasing Summer river flows. Diatoms are less
frequent in the phytoplankton during such periods of high river flow, and are
important or show major peaks during the late fall and winter months, as
flow and water temperature decline. Dinoflagelates are not an important
component of the phytoplankton community at this salinity.

2) 6 0/00 Salinity - the taxonomic structure at this salinity zone shows a
dramatic decline in the importance of both green and blue-green taxa within
the phytoplankton community. This salinity zone is characterized by
alternating blooms of diatoms and flagellates, with dinoflagelates also
showing periodic blooms.
3) 12 0/00 Salinity - this zone is characterized by seasonal blooms of
flagellates, diatoms and dinoflagellates. Flagellates typically dominate
through the cooler months and well into beginning of Summer wet-season.
As river flow and temperature increase diatoms begin to become more
important. Green algae comprise only a small part of the phytoplankton
community.
4) 200/00 Salinity - the seasonal patterns of the major taxonomic groups
at this salinity zone follow patterns generally similar to those observed at 12
0/00. Diatoms, however, show a marked increase in their relative
importance within the phytoplankton community.

Analysis of both phytoplankton carbon uptake and chlorophyll .Q indicated very
similar significant differences in the three measured size fractions among the four sampled
salinity zones. Overall the smallest size fraction ( < 5u) comprised a much greater percent
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of the phytoplankton community at 00/00 than at 20 0/00. The exact reverse was true
for the largest measured size fraction (>20u). The intermediate salinities indicated a
gradation between these patterns. Strong seasonal differences in the relative importance
of the different phytoplankton size fractions, however, were apparent at each of the four
salinity zones.

ZOOPLANKTON STUDIES

Zooplankton represent an important link between the phytoplankton community
and higher levels in the estuarine food chain. Many groups of organisms are represented
in the zooplankton either as larvae or adults, encompassing a wide variety of sizes and
motile capabilities and are typically dispersed in estuaries in patchy aggregates. Various
physical and chemical parameters have been shown to influence zooplankton distributions
and abundances in estuaries.

Such parameters include, salinity, river flows, nutrient

concentrations by influencing phytoplankton dynamics, temperature, and predatory
densities.
The zooplankton community of Charlotte Harbor was examined from 1989 through
1993 for three purposes:

1.

Document and catalog existing zooplankton communities in the Upper
Charlotte Harbor estuary. Little is known of the zooplankton community in
the area of the estuary. This study identified taxonomic composition at 'four
salinity based stations in the Harbor and the Peace River.

2.

Examine the interrelationships between the phytoplankton community which
represents a major component of primary productivity in the estuary and the
zooplankton community. Zooplankton provide the primary pathway in the
estuary for transfer of energy from primary production to secondary
production and higher trophic levels. Understanding the relationships
between the phytoplankton and zooplankton community will aid in the
understanding of factors that influence primary production.
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3.

Examine how the zooplankton community and individual zooplankton taxa
respond to changes in physical and chemical characteristics of the estuary
such as: ' freshwater inflow, water temperature, and nutrient availability.
Since these factors also influence the phytoplankton community and
measures of primary production, it is of interest to examine how changes
in Peace River physiochemistry influence zooplankton as mediated by
changes in the phytoplankton community.

To examine the zooplankton community of Peace River/Charlotte Harbor,
zooplankton were collected monthly from four stations in the Charlotte Harbor estuary.
These collections were done concurrent with, and at the same salinity-based station
locations as the primary productivity/phytoplankton study. Samples were collected from
the water surface by filtering 75 liters of water through a 50 urn mesh net at each station
and collecting an oblique tow using a 1.0 m, 50 urn mesh net raised at a constant rate
from bottom to the surface of the water column at each station. Selected physical and
chemical parameters from the estuary for each zooplankton sample were measured in
conjunction with each sampling for later correlation with the observed zooplankton
community patterns.
A total of 480 distinct zooplankton collections were made at the salinity based
stations in Charlotte Harbor from March, 1989 through December, 1993. Taxonomic
identifications and enumeration of specimens resulted in identification of 89 species or
taxonomic groups of zooplankton.

These taxa represented all life stages from eggs for

some invertebrates and vertebrates to larval forms and fully reproductive adults.

In

general, from all stations, the dominant taxa were rotifers (Rotararia), crustacean
cope pods and nauplii, barnacle nauplii (Cirripedia), larvae of Mollusca, Platyhelminthes,
and Annelida and various Hydrozoa.
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Total zooplankton density from any collection location or depth was typically about
1 million zooplankters per cubic meter of water. Densities were as high as 5.8 million and
as low as 10,000 individuals per cubic meter.
The zooplankton community at 0 ppt was dominated by filter feeding rotifers and
copepod nauplii, although low densities of adult copepods were observed. Seasonally
high densities of ctenophores, sipunculids, larvaceans, gastropods and gastropod larvae,
and hydrozoa medusae were also observed.

Peaks in these seasonally abundant

organisms generally corresponded to the periods of highest zooplankton densities and
diversity.
The zooplankton community at 6 ppt was composed primarily of copepod nauplii,
filter feeding rotifers, and the grazing calanoid copepod Acartia tansa. Higher densities
of cope pods were observed at 6 ppt than 0 ppt, primarily cyclopoid Oithona species.
Seasonally high densities of hemicordates, sipunculids, cirripedian nauplii, gastropod
larvae, and pelecypod larvae were also observed corresponding to peaks in zooplankton
densities and diversity at this station.
At 12 ppt the zooplankton community was also predominately cope pod nauplii and
Acartia tansa, with increases in the number of polychaete larvae, an increased number

and type of calanoid and cyclopoid copepod including: Oithana species, Saphirella sp.
and Paracalanus crassirostris.

Seasonally high densities of harpactacoid copepods

prinCipally Euterpina acutifrons, sipunculids, cirripedian nauplii, gastropod larvae, and
turbellaria were also observed .
The zooplankton community at 20 ppt was dominated by copepod nauplii Acartia
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tonsa, pelecyopod larvae, medusal forms of Hydrozoa and Schyphozoa, Acartia tonsa,

and increased numbers of Oithona nana. Seasonally high densities of fish eggs and
larvae (Pisces), Cirripedia nauplii, Hemicordates, Ascideaceans, Turbellaria, alld
Sipunculids were also observed.

Peaks in these seasonally abundant organisms

generally corresponded to the periods of highest zooplankton densities and diversity at
this station.
Multivariate analyses of taxonomic distributions between stations using Canonical
Variate Analyses (CVA) indicated distinct taxa patterns within stations that discriminated
between the stations in terms of both taxonomic composition and abundances of the
dominate zooplankton taxa. Differences between stations were attributable primarily to
varying densities of Oithona sp., Acartia tonsa, rotifers, and ctenophores.
Many estuarine and riverine factors may interact to affect zooplankton community
structure and dynamics as well as individual species responses to their environment.
These factors include such basic parameters as river flow, nutrient availability, water
temperature, and season, to complex factors such as primary productivity levels,
phytoplankton community composition, and chlorophyll.Q concentrations. It is difficult to
determine and describe causative relationships between these factors and zooplankton
communities since zooplankton community and populations are dependent upon the
cumulative responses to interactions of both the basic physical and chemical parameters
as well as the complex factors influencing phytoplankton communities and productivity.
To

examine the

interrelations

Principal

Component Analysis

(PCA)

29

physical/chemical, phytoplankton, and productivity measures were analyzed for the four
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salinity stations resulting in three composite variables for each analysis accounting for
about

60 % of the variance at each station.

These composite factors were then

regressed against zooplankton taxa densities and zooplankton community metrics at each
station. This resulted in the identification of individual zooplankton taxa at each station
that responded to changes in a wide variety of variables and conditions.

DISCUSSION OF PRIMARY PRODUCTIVITY RESULTS

The hydrobiological monitoring program was designed to describe and evaluate
the response of various physical, chemical and biological characteristics of the Charlotte
Harbor estuarine system to changes in Peace River flow.

Individual aspects of the

program such as the monitoring of estuarine primary productivity have been designed not
only to quantify the seasonal and long-term patterns of key estuarine communities, but
to specifically determine if freshwater withdrawals by the Peace River Regional Water
Supply Facility could be shown to alter these patterns.
Over the past ten years, estuarine phytoplankton productivity has been investigated
as a potentially effective method of evaluating possible impacts associated with freshwater
withdrawals.

During the course of these investigations, the influences of seasonal

variations in river flow as related to changes in estuarine macro-nutrient concentrations
have been quantified. Specifically, the monitoring efforts have demonstrated direct effects
of seasonal changes in Peace River flow on rates of primary production and the structure
of phytoplankton communities within the upper Charlotte Harbor estuarine system. These
results have led to the development of predictive models of the response of
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phytoplankton production to changes in flow, as integrated with seasonal changes in
other physical/chemical parameters.

PEACE RIVER VEGETATION AND FLORA

Representative emergent and terrestrial vascular plants of the lower Peace River
in Charlotte Harbor have been located and identified at various intervals from 1977
through 1993. Investigations of the vegetational patterns along the Peace River through
time have been accomplished through: 1) identification of the first and last occurrences
of indicator vegetational species, 2) species identifications at two specific sites along the
Peace River and 3) false-color infrared aerial photographs.
The vegetation of the lower Peace River exhibits a gradual transition from fringing
mangrove/salt marsh species near Charlotte Harbor to freshwater swamp forest species
upstream. These transitional changes are the result of the interactions of: 1) seasonal,
and longer-term, differences in the relative positions of isohalines along the river transect;
2) small scale variations in river bank elevations and profiles; and 3) a progressive change
to more "frost tolerant" species inland. The primary factor of concern, associated with
fresh water withdrawals, is the potential for long-term changes in riverine vegetative
patterns and associations resulting from induced changes in the average positions of
fresh/salt water boundaries.
The Hydrobiological Monitoring Program begun in 1976 undertook a number of
efforts to both establish a baseline, and look for long-term changes in vegetative patterns
potentially related to changes in freshwater inflows. The first and last occurrences of a
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wide number of conspicuous plant indicator species have been located and identified
along the lower Peace River at intervals over the monitoring period between 1977 and
1993.

Individual specimens were noted as well as the beginning and end of the

significant occurrences of each indicator species. The long-term comparisons presented
within this document are based only on observed changes in the main occurrences of
each selected indicator species.
In addition to the above identifications, two sites along the Peace River were
chosen for more detailed long-term studies of the vegetative associations. Site I, was
chosen as being representative of the brackish/to saline transitional zone.

Site II, by

comparison was chosen as representative of the freshwater/to brackish transitional zone.
Lastly, false color infra-red aerial photographs along the lower Peace River from Arcadia
to the Barron-Collier Bridge in Upper Charlotte Harbor have been taken at least once a
year since 1976. These photographs provide a basis for long-term comparisons in order
to establish any potential overall, major changes which may have occurred in vegetative
patterns along the lower Peace River.
The conducted vegetation studies of: 1) the observed ranges of selected indicator
species; 2) patterns of assemblages at each of the two transitional Sites; and 3) review
of infra-red aerials, indicate that the vegetative communities along the transitional portion
of the Lower Peace River have remained fairly consistent over the course to the
hydrobiological monitoring program. The observed variations and shifts in the relative
distributions of the selected indicator species indicate that there have not been any
extreme or unusual disruption in the plant communities along the Peace River during the
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period of study. Most of the observed changes in the distributions of the indicator taxa
have been relatively subtle or can be attributed to differences in the criteria used by
different observers conducting the research, especially with regard to the distinction
between classifying scattered individuals versus significant populations. Some short-term
differences in vegetative patterns along the Peace River transect, however, did seem to
be associated with the corresponding extended drought and low wet-season flows of the
mid-1980's.

CONTINUING HYDROBIOLOGICAL MONITORING

The initial hydrobiological monitoring program was designed to provide answers
to specific questions raised by SWFWMD staff during the original permit process dealing
with possible salinity changes in Charlotte Harbor. Analysis of data from pre- and postwater treatment plant operation presented in the August 1982 report indicated the need
to revise the monitoring program in order to better evaluate possible changes in the
Charlotte Harbor system as related to flow. Further modifications of the hydrobiological
monitoring program were again made both in 1985 and in conjunction with the most
recent renewal of the water use permit in November 1988.
The design of the monitoring program under the existing water use permit (WUP)
is based on the results of analysis from more than 10 years of sampling in compliance
with previous SWFWMD programs. The development of a comprehensive understanding
of primary production and the related structure of the phytoplankton communities within
the Charlotte Harbor system is fundamental to the development of knowledge of other
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interrelated systems and processes, such as secondary production and nutrient cycling.
A thorough understanding of the processes controlling phytoplankton primary production
in Charlotte Harbor is necessary to quantify the estuary's immediate and long-term
responses to external inputs. Studying the portion of the Harbor's production attributable
to the phytoplankton (meets the previous cited criteria) provides both a quickly
responding barometer of external change, as well as insight into a basic process affecting
water quality with widespread interrelations and effects upon other system components.
Phytoplankton production generally represents an immediately available food resource
unlike seagrasses, mangroves and saltmarsh production, where much of the resource
becomes available through secondary processes. Of the various inputs into Charlotte
Harbor estuarine system, phytoplankton production represents both the largest single
component of primary production and a food source directly accessible to many filter and
detrital feeding organisms. Phytoplankton production and composition, due to the short
generation times involved, have also been shown to be effective in demonstrating
ephemeral, seasonal and long-term changes in water quality. Phytoplankton production
represents a highly integrated estuarine component and can be used to provide
information on both direct and predictive secondary impacts of external influences.
Beyond the importance of phytoplankton as a major component of the estuary's food
web, there are four principal reasons that information on rates of primary production
within the Charlotte Harbor system are important:
1) It may be possible that production rates can be modeled and
incorporated into generalized circulation and water quality models used to
predict the effects of flow related changes in circulation and water quality
within the Charlotte Harbor system . The applications of such information
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and models may be of wide application and interest to various governmental
and regulatory agencies.
2) Excessive phytoplankton production may reduce light penetration of the
water column by increasing turbidity and absorbance. High levels of
phytoplankton production may further affect factors which in turn can
influence the dominance of estuarine species. An example would be
potential extreme diurnal oscillations in dissolved oxygen levels in the water
column caused by high phytoplankton densities.
3) Trend analysis of inorganic nutrient inputs and their respective ratios,
from freshwater sources such as the Peace, Myakka and Caloosahatchee
Rivers, may also be interpreted more accurately once the factors influencing
phytoplankton production in specific areas of the Charlotte Harbor system
are understood.
4) Significant long-term reductions in flow and related nutrient loadings into
the estuary could potentially effect overall rates of primary production and
or phytoplankton species distributions within the estuary. Such changes
could have corresponding influences within the associated zooplankton
communities resulting in further magnified changes on up the food chain,
potentially affecting both recreational and commercial fishes within the
Harbor.

The unique long-term and comprehensive nature of the current studies of
phytoplankton primary production and structure provide an unusual basis for statistical
investigations of the interrelations of both short- and long-term changes in river flow in
relation to subsequent expression of changes at the base on the food-chain in the
estuary.
Increasing demands for freshwater withdrawals mandate the need to develop
corollary potential flow related indicators to insure that both the amount and timing of
withdrawals continue to have minimal impacts on the biological communities of the
Charlotte Harbor estuarine system.
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2.0 INTRODUCTION

On December 10,1975 the consumptive use permit #7500016 for the Peace River
Regional Water Supply Facility was signed between General Development Utilities, Inc.
and the Southwest Florida Water Management District (SWFWMD). In conjunction with
this agreement, a comprehensive hydrobiological monitoring program, was set forth to
assess the responses of various physical, chemical and biological characteristics of the
Charlotte Harbor estuary to changes in Peace River flow. The program was designed to
evaluate the impacts and significance of natural salinity changes on the aquatic fauna and
flora in upper Charlotte Harbor, and to determine if freshwater withdrawals by the Peace
River Water Supply Facility could be shown to alter these patterns. The area of study is
shown in Figure G.1.
A series of sixteen previous reports have been filed (February 1979, December
1980, July 1981, August 1982, September 1983, August 1984, July 1985, August 1986,
August 1987, September 1989, December 1990, August 1991, August 1992, January
1993, August 1993, and July 1994) with the SWFWMD, documenting the results of the
hydrobiological monitoring program during the period from January 1976 through
December 1993. These reports include summarizations of data collected during the first
four years of baseline monitoring, prior to the start of freshwater withdrawals, as well as
comparisons of these data to the results obtained from the hydrobiological monitoring
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programs during subsequent years of water treatment plant operation. As required under
the most recent Peace River Water Supply Facility WUP Permit (#2010420.01), this
document summarizes and extends the findings reported previously regarding
phytoplankton primary production and community structure at four salinity zones within
the Lower Peace River and Upper Charlotte Harbor between 1983 and 1993. In addition,
phytoplankton and zooplankton taxonomic structure for samples collected in conjunction
with the monthly salinity based primary production investigations between 1988 and 1993
are presented and analyzed.

Long-term analyses of changes in the patterns of

vegetation along a 15 mile transect of the portion of the Lower Peace River influences by
seasonal freshwater mediated salinity variations are included.
The initial hydrobiological monitoring program was designed to provide answers
to specific questions raised by SWFWMD staff during the original permit process dealing
with possible salinity changes in Charlotte Harbor. Analysis of data from pre- and postwater treatment plant operation presented in the August 1982 report indicated the need
to revise the monitoring program in order to better evaluate possible changes in the
Charlotte Harbor system as related to flow. Further modifications of the hydrobiological
monitoring program were made in 1985 and in conjunction with the most recent renewal
of the consumptive use permit in November 1988. Under the existing permit, data reports
were submitted for the first through fifth years of the monitoring program. In addition,
expanded, comprehensive reports including comparative analysis of the data reported
over the previous years, were submitted in the third and fifth (this document) years of the
monitoring program.
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3.0 LONG-TERM PATTERNS OF PEACE RIVER FLOW AT ARCADIA
AND WITHDRAWAL AT THE PEACE RIVER REGIONAL WATER SUPPLY FACILITY

3.1 PATTERNS AND TRENDS IN PEACE RIVER FLOW 1976-1993

A central tenant and assumption of the entire Hydrobiological Monitoring programs,
since their inception, has been that the major dominant force driving both the short-term
seasonal and year to year water quality characteristics of Upper Charlotte Harbor is the
flow of Peace River freshwater into the estuary. Subsequently, that the nutrient inputs and
changes in physical characteristics related to the natural changes in Peace River flow are
expressed in the health and status of the estuaries biological communities.

It has been

the concern that the timing and amounts of freshwater withdrawals are critical to the
maintenance of the harbor's biological communities that has mandated SWFWMD to
require basic investigations of the relationships between Peace River flow and patterns
in indicator communities.
Therefor, prior to describing seasonal patterns and analyzing for potential long-term
changes in the monitored biological communities, a discussion of patterns and changes
in both Peace River flow and Water Treatment Facility withdrawals is required.

Daily

Peace River flow in cubic feet per second (CFS) between 1976 and 1993 (the duration of
the hydrobiological monitoring program) as measured by the USGS at Arcadia is shown
in Figure G.2. This figure depicts a number of major points:
1) Freshwater flow into the estuary is strongly seasonal. Overall there is
a tropical pattern of low flows during the winter and spring, and much
higher flows during the summer.
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2) Freshwater flow is extremely variable in both magnitude and duration
from year to year. River flow is extremely inconsistent when viewed over
short periods of several years.
This is extremely important when
considering the duration of any monitoring program designed to investigate
the relationships between freshwater flow and estuarine biological
communities. Short-term studies are destine to be non-representative.
3) There are a number of substantial periods of sustained low river within
the time frame covered by the hydrobiological monitoring program.
Peace River flows during the period covered by the Hydrobiological Monitoring
Program are also shown as monthly means (Figure G.3) and by the three month moving
average (Figure G.4).
The SEAS KEN procedure for testing for monotonic trends in time using modified
forms of the Kendall's Tau and Seasonal Kendall tests (see discussion of SEASKEN
procedures later in this Document, Section 4.3.10) was used to analyze for the presence
of long-term trends in monthly flow between 1976 and 1993 (Table G.1), and for the
seven and twenty-eight day periods preceding each of the monthly phytoplankton
measurements between 1983 and 1993. No trends in these measurements of Peace
River flow were statistically observed during either of the time periods.
Potential changes in flow during the more than ten year time-period of the
phytoplankton primary production investigations were further analyzed by dividing the
monthly measured preceding 28-day Arcadia flow into four categories of flow:
1) Low Flow Periods - less than 200 CFS (Figure G.5)
2) Periods of Normal Flow - 200 to 500 CFS (Figure (G .6)
3) Periods of Moderate Flow - 500 to 800 CFS (Figure G.7)

4) Periods of High Flow - greater than 800 CFS (Figure G.8)
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There were no trends apparent within any of these arbitrary divisions of Peace
River flow when analyzed over the period of the phytoplankton production studies, from
1983 through 1993. A further statistical summary of average 28-day Peace River flows,
as measured at Arcadia, falling within these categories is provided in Table G.3.
While no statistically significant trends in Peace River flow have been found using
the SEAS KEN procedure during the period of study covered by the Hydrobiological
Monitoring Program, there have been significant long-term declines in various gauged
flows within the Lower Peace Basin both over the period of record and more recent
periods. The SEAS KEN procedure was used to test for trends (Addendum Table 1) of
various gauged flows for three time periods: 1) 1951 (the beginning of gauging of Horse
and Joshua Creeks) to present; 2) 1966 (the beginning of gauging of Shell Creek) to
present; and 3) 1976 (the beginning of the Hydrobiological Monitoring Program) to
present. These results further emphasize the finding that while Peace River flows have
significantly declined over the period of record, the slope of this decline has been
decreasing and become non-significant when analyzed only over the past 19 years. A
point worth noting is that while Arcadia gauged Peace River flow has been declining or
flat, the trend in flow of Joshua Creek has been significantly increasing.

In order to

further evaluate potential long-term changes in Lower Peace Basin flows, trends in flow
at each of the various measured gauges were tested (Addendum Table 2) for three
different seasonal periods : 1) a cool/damp season - November through February; 2)
characteristically warm/dry - March through June; and 3) the hot/wet summer season July through October. Such analyses emphasize the importance of declining flows during
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the summer wet-season, and the possible influences in the smaller tributaries of
agricultural runoff during drier periods.
Another useful method of looking at the pattern of freshwater inputs to the estuary
is to analyze the distribution of flow contained incrementally over a selected range. The
frequency distribution of average monthly Peace River (Arcadia) flows, and segmented
by season, are presented in 500 cfs increments in Figures A-46 through A-49. Similar,
more detailed analyses, depicting the distribution only of those flows less than 2000 cfs,
in 100 cfs increments are shown in Figures A-50 through A-53.

3.2 LONG-TERM RELATIONS BETWEEN PEACE RIVER FLOW (ARCADIA) AND
CHLORIDE LEVELS

Another important method of evaluating both seasonal and long-term patterns in
freshwater inputs to the estuarine system is to look at the resulting influences on the
biologically significant changes in salinity within areas of the Upper Estuary. Due to its
greater sensitivity, changes in chloride concentrations are often valuable in evaluating
small changes in salinity. In this analysis, surface and bottom chloride concentrations at
five fixed locations (Figures A-1 and A-2) were · analyzed over the period 1976-1990.
(Note: analyses for Station 18 are inserted unnumbered in the Addendum since they were
added after the final document had been completed.) These five locations were selected
as being representative of important segments along the Lower Peace River estuarine
system, where data was collected monthly under the CUP permit between 1976-1985 and
continued independently by EQL monthly until 1991.
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Figures A-3 through A-6 show variations in both surface and bottom chloride levels
at these five fixed locations over the period of study. Box and Whiskers plots of the
observed range of variation in chloride are presented overall and by season in Figures
A-7 through A-10. The schematic plots produced by the SAS GPLOT (Interpol = Box)
Procedure graphically depict the variation in chloride by following manner: 1) the top and
bottom edges of the box are located at the 25th and 75th percentiles; 2) a center
horizontal line is drawn at the median; 3) central vertical lines, "whiskers", extend from the
box to the 10th and 90th percentiles; 4) more extreme observations are shown by a dot.
The variation monthly average Peace River flows (measured at Arcadia) of less than 500
cfs and chloride levels at these four locations are graphically presented in Figures A-11
through A-18.
Due to the importance of periods of low river flow on salinity (chloride) levels within
the Lower Peace River estuary, detailed analysiS of chloride patterns were conducted for
gauged Arcadia flow less than 200 cfs at each of the five fixed station locations. Three
periods of low flow were analyzed; preceding 7, 14 and 28 day having average flows less
than 200 cfs.

Schematic plots of chloride variations are presented in Figures A-19

through A-21 , while chloride concentrations versus each average flow period are shown
in Figures A-22 through A-45. Based on these graphical analyses, fairly accurate models
of the relationship between chloride concentrations (salinity) and Peace River flow during
periods of low freshwater input are possible.
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3.3 PATTERNS AND TRENDS IN WATER TREATMENT FACILITY WITHDRAWALS
(1980-1993)

Daily withdrawals by the Peace River Water Treatment Facility are shown in CFS
between the beginning of operation in 1980 through 1993 in Figure G.9. Withdrawal is
both a function of SWFWMD permit limits to withdrawal; having both lower and upper
limits, as well as conforming to the District's 10% rule; and considerations of facility
operations.

Within these permit conditions, the increasing demands for freshwater

withdrawals are shown. Statistical Trend Analysis of average monthly withdrawal between
1980 and 1993 (Table G.1), and both preceding seven and twenty-eight day withdrawals
prior to each phytoplankton monitoring event (Table G.2 - see Table P.2 for full listing of
abbreviations) confirm this increasing demand.

3.4 SUMMARY

In the following analysis of the hydrobiological monitoring program, it is important
to keep in mind that the observed patterns of the monitored biological communities be
taken within two contexts: 1) the seasonal, and year to year highly variable conditions of
Peace river freshwater inflow, which during the period of study has been devoid of any
definitive long-term overall trends; and 2) freshwater withdrawals which have been
extremely small in comparison to Peace River flow (compare axises of Figures G.2 and
G.9), highly variable, lacking the same strong seasonal component as flow, and having
a strong long-term increasing trend.
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4.0 REVIEW OF THE PRODUCTION AND STRUCTURE OF PHYTOPLANKTON
COMMUNITIES WITHIN THE LOWER PEACE RIVER / UPPER CHARLOTTE HARBOR
ESTUARINE SYSTEM - BETWEEN 1983 AND 1993,

4.1

INTRODUCTION

The normal functioning of an estuarine system is dependent upon the complex
interrelations of various components, including the relationships and dynamics of both
organic and inorganic nutrient cycles. Total production and the maintenance of estuarine
populations are dependent upon the interrelations of these processes mediated through
a number of external physical forces, including the seasonal cycles of light, temperature
and precipitation.
The development of an environmentally effective managerial perspective regarding
estuarine freshwater inputs, requires the application of an assessment strategy focusing
primarily upon those components of the various dynamic processes which exhibit the
greatest sensitivity to disturbance. In choosing key dynamic processes on which to focus
monitoring efforts, that are designed to assess the estuarine system's current status and
potential susceptibility to induced impacts, consideration should be given to those
elements capable of providing maximum information within reasonable limitations.

In

general this can most reasonably be accomplished by focusing on those system
components which act both as barometers of environmental events, quickly responding
to external changes, and those that contribute towards the greatest integrated
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understanding of the overall functioning of the estuarine system. It may be possible to
develop generalized predictive estimates of potential long-term trends within the Charlotte
Harbor system by concentrating monitoring efforts primarily upon the measurement of
selected dynamic processes crucial to the overall functioning of the entire system, such
as:
1) trends in nutrient inputs,
2) estimates of primary and secondary production rates, and
3) the population dynamiCS of key components in the baseline
components of the estuarine food-web

4.1.1 Importance of Phytoplankton Production and Structure
The development of a comprehensive understanding of primary production as
measured by carbon uptake and the related structure of the phytoplankton communities
within the Charlotte Harbor system is fundamental to the development of knowledge of
other interrelated systems and processes, such as secondary production and nutrient
cycling. A thorough understanding of the processes controlling phytoplankton primary
production in Charlotte Harbor is necessary to quantify the estuary's immediate and longterm responses to external inputs. Studying the portion of the Harbor's production
attributable to the phytoplankton (meets the previous cited criteria) provides both a
quickly responding barometer of external change, as well as insight into a basic process
affecting water quality with widespread interrelations and effects upon other system
components.
The 1983 DNR report "Assessment of Fisheries Habitat: Charlotte Harbor and Lake
Worth, Florida" estimated the Charlotte Harbor estuarine system included approximately
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488 square miles of open water, 91 square miles of seagrass, 5.5 square miles of
saltmarsh and 88 square miles of mangrove forest. Estimated relative primary production
rates taken from other studies for phytoplankton, seagrass, saltmarsh and mangrove
forest environments, when combined with such areal habitat estimates for the Charlotte
Harbor system suggested the relative importance of the primary production of each of
these components.

Estimated Tons Carbon Fixed / Day

Phytoplankton
Seagrass
Mangrove Forest
Saltmarsh

1770
360 -1460
1800 (638 net export)

9

Study of phytoplankton related production within the Charlotte Harbor estuary confers
a number of distinct advantages over investigations of other components contributing to
the system's overall primary production. The basic processes involved in phytoplankton
production are reasonably well understood, and the potential sources for error and
variability are generally known. By comparison:
1) In a color induced, light limited estuary such as Charlotte Harbor,
significant production by sea grasses and benthic algae are limited to either
narrow fringing bands in shallow waters along shorelines, or areas of the
lower harbor where water clarity is characterized by more marine influences
(such as the Pine Island Sound area).

-30-

2) Methodologies for the quantification of production and inputs by both
mangrove and salt marsh estuarine components are both difficult and
extremely labor intensive. Seasonal and locality factors influencing such
production are often highly complex and generally not well understood.
3) Bacterial production associated with the metabolism of dissolved
organics contained within freshwater inputs, although undoubtedly
Significant in estuarine systems, has only recently come under quantitative
scientific investigation. Standard methodologies have yet to become widely
accepted and sources of error and variability have not yet been well
quantified.

Phytoplankton production generally represents an immediately available food
resource unlike seagrasses, mangroves and saltmarsh production, where much of the
resource becomes available through secondary processes. Of the various inputs into the
Charlotte Harbor estuarine system, phytoplankton production represents both the largest
single component of primary production and a food source directly accessible to many
filter and detrital feeding organisms. Phytoplankton production and composition, due to
the short generation times involved, have also been shown to be effective in
demonstrating

ephemeral,

seasonal

and

long-term

changes

in

water

quality.

Phytoplankton production represents a highly integrated estuarine component and can
be used to provide information on both direct and predictive secondary impacts of
external influences.
Beyond the importance of phytoplankton as a major component of the estuary's food
web, there are four principal reasons that information on rates of primary production
within the Charlotte Harbor system are important
1) It may be possible that production rates can be modeled and
incorporated into generalized circulation and water quality models used to
predict the effects of flow related changes in circulation and water quality
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within the Charlotte Harbor system. The applications of such information
and models may be of wide application and interest to various governmental
and regulatory agencies.
2) Excessive phytoplankton production may reduce light penetration of the
water column by increasing turbidity and absorbance. High levels of
phytoplankton production may further affect factors which in turn can
influence the dominance of estuarine species. An example would be
potential extreme diurnal oscillations in dissolved oxygen levels in the water
column caused by high phytoplankton densities.
3) Trend analysis of inorganic nutrient inputs and their respective ratios,
from freshwater sources such as the Peace, Myakka and Caloosahatchee
Rivers, may also be interpreted more accurately once the factors influencing
phytoplankton production in specific areas of the Charlotte Harbor system
are understood.
4) Significant long-term reductions in flow and related nutrient loadings into
the estuary could potentially effect overall rates of primary production and
or phytoplankton species distributions within the estuary. Such changes
could have corresponding influences within the associated zooplankton
communities resulting in further magnified changes on up the food chain,
potentially affecting both recreational and commercial fishes within the
Harbor.

4.1.2 Current Long-Term Studies of Primary Production
The current studies of primary production in the Lower Peace River/Upper
Charlotte Harbor being conducted as part of the Peace River Regional Water Supply
Facility's ongoing SWFWMD hydrobiological monitoring program are designed to develop
the needed long-term base of data necessary to evaluate both short and long-term cycles
in phytoplankton production in the upper estuarine system. Statistically comparable levels
of phytoplankton production as measured using C-14 fixation rates have been determined
monthly at four salinity based stations since June 1983. Collection and in situ C-14
uptake were conducted within two hours of apparent noon to standardize for known
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diurnal patterns phytoplankton production periodicity. As such, sampling at the salinity
based stations has been conducted independently of tidal stage. These investigations
have included determinations of phytoplankton population structure, related physical
parameters, water column light profiles and analysis of the major chemical constituents
associated with phytoplankton growth.

The four sampling locations in this study

represent non-fixed surface salinity zones, such that the monthly location of each station
is dependent upon the preceding amount of freshwater inflow from the Peace River. The
four sampling zones are:

Station
Station
Station
Station

101
102
103
104

= 0 0/00

= 5-7 0/00
= 11-13 0/00
= 20-22 0/00

To date, the furthest upstream sampling occurrence of the station at 0 0/00 has been
approximately one half mile below Horse Creek (March, 1985), and the furthest
occurrence of the downstream sampling of the 20-22 0/00 station has been in the Gulf
just off Boca Grande (April, 1987), see arrows, Figure G.1.
This report presents data collected between 1983 and 1993 as part of this unique
long-term study of the relationships between phytoplankton productivity and Peace River
flow into Upper Charlotte Harbor. In addition , this report includes a thorough taxonomic
evaluation of the seasonal abundance and dominance of phytoplankton species, and their
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specific responses to variations in the periodicity of freshwater inflow from 1988 through
1993.

4.2 PRIMARY PRODUCTIVITY METHODS
The methodologies used to measure and evaluate the physical, chemical and
biological parameters encompassed within this investigation are outlined and described
within the following sections.
4.2.1 In Situ Measurements of Physical Parameters
(A) Depth, temperature, dissolved oxygen, conductivity, pH, and oxidationreduction potential were measured in situ with a Hydrolab

™Model 8000

system or Surveyor Model II system. Profiles were made from the surface
to the bottom in O.Sm increments at each sampling station location. Depth
measurements were determined on the basis of pre-measured marks on the
unit's cable and/or pressure sensors within the sonde unit.
(8) Pre-sampling instrument calibrations were conducted within 24 hours
prior to use. Temperature was measured with a linear resistance thermistor,
factory calibrated and accurate to within + /-0.2 oC.
(D.O.)

was

measured

with

a

Dissolved oxygen

temperature-compensated,

passive,

polarographic cell, which measures the partial pressure of oxygen as parts
per million (ppm or mg/I) of oxygen, + /-0.2 ppm.

The probe was

calibrated using the oxygen tension of water-saturated air (temperature
corrected) as a standard.
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(C) The conductivity probes are six electrode cells and were calibrated

against a KCI solution of known conductivity. Probe response was then
tested with a solution of known, low conductivity to ensure that the reading
is + /-1.0% of the range selected.

The probes are automatically

temperature compensated to provide conductivity at 25°C.
(0)

The Hydrolab™ pH probes are glass, KCI filled with silver/silver

chloride reference electrodes and refillable junctions. They are automatically
temperature compensated. Two buffer solutions of 7.0 and 10.0 pH (+ /0.1) were used to calibrate the accuracy of the probe.
Oxidation-reduction potential (ORP) was measured using a platinum-tipped
glass ORP probe and standard pH/ORP silver/silver chloride reference
probe. Conversion of these ORP values to those of a standard hydrogen
electrode can be approximated by adding 300 mV to the results from the
silver/silver chloride electrode.
4.2.2 Light Profile
Light intensity profiles utilized both to determine the 50% light depth and calculate
the water column extinction coefficient were conducted at each station. A LI-COR (model
LI-185B) quantum/radiometer /photometer equipped with an underwater LI-1925B
quantum sensor was used to measure photosynthetically active radiation (400-700
nanometers) . Light intensities (microeinsteins/m 2 /sec) were measured in the air just
above the water surface, again just below the surface, and at six selected depths (20, 40,
60, 80, and 100 cm).
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4.2.3 Primary Productivity Measurements
Five subsurface water samples were collected at each of the salinity based station
locations. These were randomly collected to account for phytoplankton patchiness. The
subsurface samples were placed in five replicate "light" and two (black plastic dipped)
"dark" acid-rinsed, 450ml glass incubation bottles. Each bottle was then inoculated with
10 microcuries of trace metal-free 14C (to obtain counts of approximately ten thousand
counts per minute or CPM, depending on phytoplankton levels). The bottles were quickly
placed on an adjustable rack (Figure P.1) and incubated in situ at the depth where, during
the light profile determination, 50% of incident surface radiation was found to remain .
All incubations were conducted within two hours of apparent noon to standardize
for known patterns of diurnal periodicity in phytoplankton production. Cumulative light
levels during the incubation periods were recorded using a U-COR integrating quantum
photometer. After incubation all samples were placed in the dark, in cool ice chests and
quickly returned to the laboratory and prepared for scintillation counting.

4.2.4 Determinations of Rates of C-14 Uptake
The following procedures were undertaken to determine both the overall rates of
14C fixation, as well as those proportions attributable to the net- (> 20 microns), nano-

«

20 and > 5 microns) and pico- «

5 microns) size fractions.

Three separate

subsamples were taken from each of the "light" sample bottles and processed as follows :
1)

50 ml was filtered through a 2.4 cm Whatman GF IC glass fiber filter using
low vacuum (less than 2 PSI) . The wet fiber filter was then placed in a
scintillation vial and frozen until ready for analysis.
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2)

A second subsample was prepared in the same manner as the first, except
prior to filtering, the 50 ml subsample was passed through 20 micron Nitex
screening.

3)

The third subsample was prepared in a likewise manner, but passed
through 5 micron Nitex screening prior to filtering.

4)

50 ml sub-samples from each of the two dark bottles incubated at each
station were filtered as in (1) above. Three corresponding filter blanks for
each station were prepared by adding ten microcuries to a 450 ml ice
stored water sample taken at the same station, and then immediately taking
three 50 ml subsamples. These were also filtered as in (1) above.

5)

To begin analysis 0.5 ml of 0.1 N HC1 was added to each vial and the vials
were then allowed to stand for 3 hours before the addition of 10.0 ml of
scintillation fluor. The vials were then placed in the liquid scintillation
counter and allowed to dark adapt for at least 24 hours before being
counted.

6)

Background and known 14C standards were run to check and validate the
performance of the laborator.r,'s Packard liquid scintillation system.
Verification of the activity of the 1 C inoculation solution was also conducted
monthly.

7)

Each sample vial was counted for 30 minutes, or until the CPM in spectral
region A had a standard deviation of less than 0.2%. Counts per minute
were then converted to disintegrations per minute using the filter
standardization channels ratio method.

4.2.5 Chlorophyll a
Ambient chlorophyll .Q levels are widely used to estimate phytoplankton biomass.
For these investigations, chlorophyll.Q concentrations were determined fluorometrically for
the: 1) greater than 20 micron, 2) 5 to 20 micron, and 3) less than 5 micron size fractions,
from samples collected simultaneously with those for primary productivity estimates.
Chlorophyll.Q levels were determined for each of the three size fractions, both uncorrected
and corrected for pheophytin, using the same filtering procedures as described above for
the determination of carbon-14 incorporation. Chlorophyll.Q determinations were measure
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for: 1) the whole phytoplankton sample; 2) that portion passing through a 20 um filter;
and 3) that component passing though 5 um mesh cloth netting. Comparable estimates
were thus made for comparison of both phytoplankton biomass and productivity rates in
total and for each of three measured phytoplankton size fractions.
4.2.6 Water Chemistry
Surface water samples were collected for analysis at each salinity based station in
pre-labeled, polyethylene containers. The containers were rinsed with sample water, filled
and immediately placed in the dark on ice until returned to the laboratory following
standard chain of custody and quality assurance procedures.

Specific methods of

analyses are listed in Table P.1.
4.2.7 Population Structure
Surface water samples have been collected since 1988 for taxonomic analysis at
each salinity based station in conjunction with primary productivity measurements.
Samples for microscopic investigation are placed in one-liter polyethylene containers and
immediately fixed with 4 ml of Lugol's solution, the preferred solution for preservation of
samples which may include flagellates . The samples are placed on ice in the dark for
transportation back to the lab, where they are held in a refrigerator at 4 DC until prepared
for counting. Extensive work has been completed in preparing a thorough photographic
taxonomic inventory of the phytoplankton taxa seasonally present at the four salinity
zones. To date over 500 taxa have been identified from samples collected. Samples are
prepared for observation using a Zeiss inverted microscope utilizing the following settling
procedures:
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- Samples are removed from the refrigerator and gently
shaken to assure resuspension of all material.
- Randomly selected subsamples totaling 5-200 ml (depending
on the concentration of the material in the samples) is
withdrawn and placed in 50 ml conical glass centrifuge tubes.
- The tubes are then spun at approximately 50 x gravity for 45
minutes. Three to four drops of iodine solution are then
added at the top of the tubes, which are then allowed to stand
for at least 24 hrs.
- At the end of the first settling period, the settled material in
the bottom 2.5 ml and any cells adhering to the surface
tension of each centrifuge tube is drawn off and placed in a
10 ml Zeiss inverted microscope settling chamber.
- Two drops of iodine solution is again added to promote
settling, and the composite samples are again allowed to
stand undisturbed for 24 hrs.
Once the samples have been prepared, the counting chambers are placed on a
Zeiss inverted microscope for phytoplankton identification. Taxonomic determinations to
the lowest practical taxonomy level are conducted from random fields using a modified
strip method. To determine community structure, a standardized number of cells are
identified (500). The majority of the taxonomic work is conducted using a 100X objective
and 16X wide field oculars. As each observation is made, assigned genus and species
codes are recorded. After having recorded the taxonomic determinations of 500 cells,
additional notes on each sample are compiled using a combination of low and high power
objectives. Determinations of the number of cells per unit volume are conducted from the
same samples using a 10x ocular grid and 100x objective. The total number of cells in
randomly selected fields, taken in a modified strip method are recorded on a data sheet
and appropriate dilution calculations made.
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4.3 RESULTS

1983-1993

Table P.2 summarizes and describes the physical, chemical and biological
parameters which were measured in conjunction with the current phytoplankton
productivity study. Included are the codes for the variable names used both in the Tables
in the results section of this document and in the Physical/Chemical/Production SAS data
set filed with both SWFWMD and the Water Authority in conjunction with this document.
4.3.1 Physical/Chemical Parameters
In order to develop a thorough understanding of the dynamics of phytoplankton
production within the Lower Peace River/Upper Charlotte Harbor estuarine system, it is
first important to evaluate both the shorter and longer-term variabilities of those key
physical and chemical

(nutrients) factors normally associated with

influencing

phytoplankton growth. Resultant measurements of such key parameters, by date and
salinity zone, for the period from 1983 through 1993, are present in the following tables:

TABLE P.3 Physical aild Chemical Parameters (Note: Reported N/P atomic
ratios are for inorganic nitrate/nitrite-nitrogen to orthophosphorus, atomic
total nitrogen to total phosphorous are presented in Addendum Table 5.)
ADDENDUM TABLE 6 Additional Chemical Parameters added to the
Hydrobiological Monitoring Program beginning in 1990 are presented in this
table and summarized in Addendum Table 11.

TABLE P.4 Physical Parameters - Measurements of Ambient Solar
Radiation and Water Column Extinction
TABLE P.5 Physical Parameters - Peace River Flow and Relative Station
Location
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Physical Parameters

Two of the critical key physical factors influencing phytoplankton productivity are:
light, which provides the needed quanta for photosynthetic activity; and temperature,
which influences the rates of various cellular metabolic processes. In Figure P.2 both
surface water temperature and average photosynthetically active solar radiation
(measured in Einsteins) over the preceding seven-day period to each sampling event are
plotted by sampling date between June 1983 and December 1993. Seasonal variability
and the interrelation between these two parameters are depicted. It is apparent that both
the seasonal patterns of light levels between and within years are far more variable than
those of surface water temperatures.

Water temperature (with a defined lag) clearly

follows the seasonal increases and decrease in light levels. This figure indicates that the
highest average daily light levels generally occur in the late spring dry-season (April
through May) prior to the beginning of the wet-season (June through September)
afternoon rains.
As indicated in Figure P.2 and Table G.2, daily solar radiation measured in
Einsteins on the roof of the Environmental Quality Laboratory have shown a significant
decline between 1983 and 1993.

The instrument has been factory calibrated

approximately every two years during that time period. No corresponding trends has
been observed in any of the light standardized primary production determinations.
However, if it turns that this observed trend in light is simply due to a slow progressive
degrading of some portion of the LlCORE unit, then it will be necessary to make the fairly
simple adjustments of restandardizing the data set.
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Average 7- and 28-day Peace River flow, prior to each sampling date, are plotted
in Figure P.3 over the 10 year period of the study. Although the above described general
descriptions of wet- and dry- seasons are apparent, there have been significant
differences in the seasonal periodicity, duration and magnitude of Peace River flow over
the study period. Specifically of note was the interval of very low Peace River flow which
existed from late 1988 through approximately May of 1991. The influences of such
variability on the relative location of the salinity zone based stations are indicated in
Figures P.4 (a) and (b), and Figure P.5. The monthly locations, relative to a fixed point
up the Peace River (see Figure G.1 - Station #20), are depicted for each salinity based
station. As shown in Figures P.4, the variability of the relative position within the estuary
of the lower two salinity zones is far less than that of the two higher salinity monitoring
locations. Both the relative position within the harbor of the two highest salinity zones,
as well as the relative distance between the 12 and 20 0/00 salinities, is shown to
increase dramatically during periods of high river inflow.

These patterns, and the

seasonal influences of river flow, are further emphasized in Figure P.5, which depicts the
monthly average position at each of the four salinity zones over the ten years of
monitoring. As indicated, while there are marked differences seasonally with regard to
the relative location of each salinity zone, the difference in distance between zones is far
more constant.
A further summary of the variability and relative long-term locations within the
estuary of the non-fixed salinity based sampling locations are presented as Univariate
Plots (Figure P.6) and distributions (Table P.9). The schematic plots produced by the
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SAS Univariate Procedure in Figure P.6 graphically depict the variation in a selected
variable in the following manner: 1) the top and bottom edges of the box are located at
the 25th and 75th percentiles; 2) a center horizontal line is drawn at the median and a +
sign at the mean; 3) central vertical lines, "whiskers", extend from the box 1.5 times the
range of the distance between the 25th and 75th percentiles (the interquartile); 4) more
extreme observations within three interquartiles are shown as by a zero; 5) even more
extreme values are depicted by an asterisk. Variations in sampling locations within the
estuary were subsequently analyzed by dividing the monthly measured preceding 28-day
Arcadia flow into four categories of flow:
1) Low Flow Periods - less than 200 CFS
2) Periods of Normal Flow - 200 to 500 CFS
3) Periods of Moderate Flow - 500 to 800 CFS
4) Periods of High Flow - greater than 800 CFS
and determining the effects on the relative distribution of the four salinity based sampling
locations (Figure P.7).
The overall distribution of the four salinity based stations during the period 19831993 are presented: 1) in summary frequency tabular form (Addendum Table 3); 2) as
both overall, and seasonal frequency distributions, for all samples combined (Figures A-54
through A-57); 3) by salinity zone overall and by season (Figures A-58 through A-75); and
4) graphically depicting the relative frequency distributions within selected segments along
a transect from the Water Treatment Facility to Boca Grande Pass (Figures A-74 and A75). These figures indicate that the segment of the Lower Peace River from just above

-43-

Shell Point downstream to the U.S. 41 Bridge has had the highest overall frequency of
sampling.
Trend analysis using the non-parametric SEASKEN procedure was conducted to
test for possible long-term movement of each of the four salinity zones (Addendum Table
4). Further trend analyses were conducted by season for each of the salinity zones. No
significant trends were observed in the location of these isohalines over the period of
study.
Dilution associated with freshwater river inflow, as indicated, is the dominant force
in determining the relative location and extent of the salinity zones within the harbor. The
primary influences of river inflow on phytoplankton production and biomass within these
salinity zones, however, are specifically dependent upon secondary parameters
associated with Peace River freshwater inputs. These influences are dominated by two
components of freshwater inflow having diametrically opposing affects of phytoplankton
production: 1) increasing color, and 2) increasing macro-nutrient loadings.
In the Peace River basin, rainfall resulting in increased surface flow is associated
with dramatic elevations in the concentrations of highly colored "humic" compounds
derived from decaying vegetation. Figures P.8(a) and (b) depict the long-term seasonal
patterns of water color at each of the four salinity zones. Color at the lowest two salinities
was extremely variable, reaching very high levels during periods of increased river flow.
Color at the highest salinity zone (20 0/00), by comparison, was relatively stable,
increasing only during the highest periods of river inflow. It is interesting to note that
water color at 6 0/00 was often higher than at 0 0/00 during periods of low river flow,
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suggesting localized influences. Monthly mean water color by station, Figure P.9, shows
the relative influences of both the summer wet-season and early spring cold-front derived
rains.

Again, the dramatic increases in color at the lower salinity zones during the

summer wet-season are apparent. Univaritate plots of the long-term distribution of water
color at each of the four salinity zones are presented in Figure P.10, and summarized in
Table P.10. Water color as a function of Peace River inputs is further summarized by
categories of preceding 28-day flow in Figure P.11. The relationships between Peace
River flow (Arcadia) and ambient water color at each of the four salinity based sampling
zones are depicted in Figures A-76 through A-91. As indicated by these figures, the
observed relation of increasing color with increasing flow is far more pronounced in the
more freshwater reaches of the estuary. Long-term trend analyses of monthly measured
color levels, and calculated extinction coefficients, at each of the four salinity zones are
presented to Tables P.18 through P.21.
The major biological influence of water color on phytoplankton production and
biomass is associated with its effect on the penetration of light through the water column.
The compensation depth, that point where photosynthetic phytoplankton carbon fixation
equals metabolic respiration, is usually taken to occur at approximately 1% of surface
illumination.

As water color increases, the zone within the water column capable of

supporting net-photosynthesis declines.
penetr~tion

A common measurement of relative light

is to measure the water column extinction coefficient (see Methods 4.2.2),

which is influenced by both absorbance (color and chlorophyll B levels) and scattering
(particulate and turbidity). Figures P.12(a) and (b), and P.13 indicate both the relative
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long-term and seasonal patterns of light extinction at and among the four measured
salinity zones. (An extinction coefficient of 4.8 equals a 1% depth of approximately 1.0
meter - see Table PA). A comparison of light extinction among salinity zones strongly
supports other findings that phytoplankton production at low salinities is seasonally
controlled by nutrients when extinction coefficients are low, and by water color during the
summer wet-season. Phytoplankton grow at high salinities within the Charlotte Harbor
estuary, by comparison, are seldom light limited, with production controlled by freshwater
nitrogen inputs. (Note: the very high extinction coefficients at 12 and 20 0/00 during late
1993 were due to unusual, very high chlorophyll,E levels, see Section 4.3.2, rather than
color.) Graphical analyses of the relationships between preceding 28-day average Peace
River flow (Arcadia) and the monthly measured extinction coefficient at each of the four
salinity stations are present overall, and by season, in Figures A-92 through A-107.

Chemical Parameters (Nutrients)

River flow not only influences the physical location and characteristics of the salinity
zones within the upper Charlotte Harbor estuarine system, it also dominates the loadings
and influences ambient concentrations of the major macro-nutrients required for algal
growth within these zones.

It should be noted that phytoplankton biomass often

represents a better long-term integration of loading, while productivity measurements are
usually indicative of short-term uptake rates based on nutrient 'availability'. Availability,
in this sense, is more than simple measured ambient concentrations, and further
encompasses both the combined influences of turnover rates and competition factors.
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Patterns in ambient nutrient concentrations, therefore, are the resultant blending of riverine
input, saltwater dilution, recycling/regeneration, and biological demand.
The availability of three major macro-nutrients: 1) nitrogen, 2) phosphorus, and 3)
silica; are thought to have the potential of limiting phytoplankton growth and production
in estuarine and coastal marine waters. Long-term, and monthly mean, patterns for each
of these three macro-nutrients are summarized over the ten years of phytoplankton
production monitoring as follows:
NITROGEN - Both the long-term and seasonal variability of ambient

nitrate/nitrite (N2/3) concentrations showed marked increases with riverine
influence (Figures P.14 (a), (b) and P.15). Ambient nitrogen concentrations,
at all salinities, consistently attain their highest levels during the cold
water/low light winter period (January-February) and then decline sharply
through the spring as phytoplankton production increased. Nitrate/nitrite
concentrations generally rose again during the wet-season , as river inflow
increased loading and higher water color decreased the depth of the photic
zone. However, at the highest salinity zone (200/00) N2/3 concentrations
remained near detection limits throughout all but the winter months. The
long-term distribution of N2/3 concentrations at each of the salinity zones
are presented as univariate plots in Figure P.16 and summarized in Table
P.11. The relative influence of the previously employed categories of flow
on distribution of N2/3 concentrations at each of the four salinities is
depicted in Figure P.17. As expected , the lowest salinity zone showed the
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greatest differences in average N2/3 concentrations among the four
selected flow categories.

It is interesting to note that the highest

concentrations of ambient N2/3 were associated with the lowest two
categories of freshwater input.

Graphical analyses of the relationships

between preceding 28-day average Peace River flow (Arcadia) and the
monthly measured nitrate/nitrite concentrations at each of the four salinity
stations are present overall, and by season, in Figures A-1 08 through A-123.
PHOSPHORUS - The Peace River and its tributaries run through a large

number of natural phosphate depOSits.

As a result, ambient ortho-

phosphorus (P04-P) concentrations within the upper Charlotte Harbor
estuarine system are unusually high when compared to most other
temperate and semi-tropical estuaries. Extensive phosphate mining in the
Peace River Basin is also undoubtably responsible for the very high ambient
orthophosphorus levels found in the Charlotte Harbor Estuary. As shown
in Figure P.18 and Tables P.18 through P.21, there has been a significant
decline in orthophosphorus concentrations at each of the four salinity zones
during the period of study. Likely reasons for this observation have been
the combined influences of a decline in the phosphate industry and their
regulated halt of discharges to the river system. Unlike nitrogen and silica,
othrophosphorus levels at all salinities within the estuary show little if any
response to biological demand. P04-P concentrations seldom fell below
0.2 mg/I at any of the stations (Figures P.18(a) and (b). Orthophosphorus
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concentrations, however, as indicated in Figure P.19 decline slightly at all
salinities within the estuary during the summer wet-season.

Graphical

analyses of the relationships between preceding 28-day average Peace
River

flow

(Arcadia)

and

the

monthly

ambient

orthophosphorus

concentrations at each of the four salinity stations are present overall, and
by season, in Figures A-124 through A-139. These figures support the view
that naturally high orthophosphorus concentrations in the Peace River are
both diluted by surface rainfall runoff and decline during the summer
months with increased bio-utilization.

However, there were never any

indications that ambient orthophosphorus levels might limit phytoplankton
production or growth within the Charlotte Harbor estuarine system
(Addendum Table 5) . The atomic ratio of inorganic Nitrogen/Phosphorus
(N/P), commonly used as an indicator of the relative potential for nutrient
limitation between the two major macro-nutrients, never exceeded 20 (which
is often taken as beginning to suggest the possible potential threshold of
phosphorus limitation).

Over the more than ten years of phytoplankton

production monitoring, the Harborwide atomic inorganic N/P ratio has
ranged from 0.004 to 17.2, with a mean of 1.2 and a standard deviation of

1.5 (see Table P.16). Since, values below 10 are usually considered to be
indicative of nitrogen limitation, these results indicate nitrogen to be the only
nutrient which ever potentially limits phytoplankton growth in the Charlotte
Harbor Estuary.
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SILICA (Si02 )

-

Silica as a macro-nutrient may not limit phytoplankton

production per se in estuarine systems. However, seasonally low availability
may influence the relative competitive ability of specific taxonomic groups,
such as diatoms, which require silica for growth and reproduction.

As

indicated in Figures P.20(a),(b) and P.21, the patterns of ambient silica
concentrations follow a complex relationship, increasing generally with
freshwater inflow and temperature. However selectively, marked decreases
in ambient silica concentrations have been observed during specific periods
of high phytoplankton productivity at all salinities. Graphical analyses of the
relationships between preceding 28-day average Peace River flow (Arcadia)
and the monthly ambient silica concentrations at each of the four salinity
stations are present overall, and by season, in Figures A-140 through A-155.

4.3.2 Phytoplankton Production and Biomass
Measured and estimated rates of primary production, as well as carbon uptake and
chlorophyll a within specific size fractions, by date and salinity zone, are presented in the
following tables:

TABLE P.6 Measured Rates of Primary Production
TABLE P.7 Determination of Carbon Uptake by Size Fraction
TABLE P.8 Determination of Chlorophyll.Q Levels by Size Fraction
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Overall rates of primary production (all size fractions) at each of the four salinity
zones during the period 1983-1993 are graphically summarized as mg carbon fixed per
cubic meter per hour in Figures P.22 through P.26, and as mg carbon fixed per cubic
meter per Einstein available light per square meter at the surface in Figures P.27 through
P.30. In the first instance, productivity is standardized simply per unit time, while in the
second measurement, components of time, and monthly and seasonal differences in
ambient light levels are all standardized. Both widely used measurements of quantifying
phytoplankton production, however, indicated very similar overall patterns both in their
response to seasonal and longer-term natural variations in Peace River flows and nutrient
inputs. As a result, the remaining graphical and statistical analysis of phytoplankton
production within this document uses solely carbon uptake standardized per quanta of
energy.

No substantively differences were observed when similar analyzes were

conducted for measurements based on production per unit time.

1) Carbon uptake at each of the four salinity zones increased with rising
water temperatures through the spring months (February-April), and then
declined just prior to the beginning of the wet-season.
Declining
productivity was coincident with periods of sharp declines in ambient
nitrogen levels.
2)
Phytoplankton production then increased, most sharply at the
intermediate salinities (6 and 12 0/00)' with the initial beginning of the wetseason rains. Further increases in wet-season (June-September) river flow,
resulting in elevated water color, resulted in decreasing primary production
at the three most highly riverine influenced salinities.
3) Carbon uptake often then increased slightly again at the end of the wetseason, during periods when water color was declining and nutrients were
available. Primary production rates from this point slowly declined with
seasonally cooler water temperatures.
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4) Overall, primary production rates were generally the lowest in the
freshwater zone (0 0/00), and highest at the two intermediate salinities.
Both long-term and seasonally, carbon uptake at the highest salinity zone
(20 0/00) displayed relatively little of the variability apparent at the three
more riverine influenced zones.

A long-term comparison of the distribution of phytoplankton carbon uptake at each
of the four monitored salinity zones are presented as univariate plots in Figure P.32 and
summarized in Table P.12. The influences of the previously employed categories of 28day Peace River flow on distribution of measured primary production at each salinity are
depicted in Figure P.33.

Univariate analysis further demonstrates the importance of

phytoplankton production within the estuary's zones of intermediate salinities. Primary
production within each increasing salinity zone is stimulated by higher levels of freshwater
input. Graphical analyses of the relationships between preceding 28-day average Peace
River flow (Arcadia) and the monthly carbon uptake (all size fractions) measurements at
each of the four salinity stations between 1983 and 1993 are present overall, and by
season, in Figures A-172 through A-187. Combined yearly average carbon uptake at
each salinity zone are plotted versus various gauged average yearly flows in Figures A188 through A-199, and versus these flow values logged in Figures A-212 through A-223.
These figures indicate little, if any, direct relation between average flow and phytoplankton
production when analyzed on a yearly basis (although these figures may suggest the
highest levels of production coincident with years characterized by intermediate levels of
freshwater inflow).
Estimates of phytoplankton biomass, measured as chlorophyllE (all size fractions) ,
both long-term and seasonally at each of the four salinity zones, are presented in Figures
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P.34 through p.38. Phytoplankton biomass often serves as a better integration of longterm growth potential when compared to productivity measurements, which are more
indicative of short-term interactions of nutrient "availability" and the ephemeral influences
of physical and biological factors. Nevertheless, chlorophyll.§ levels measured during the
more than ten years of study generally have been observed to respond to Peace River
flow and followed the same seasonal trends previously described for carbon uptake. Of
note, however, were the unusually very high levels of chlorophyll a observed first at 12
0/00 and then the following month at 2D 0/00 in the fall of 1989, which were not as

dramatically apparent in corresponding measurements of phytoplankton carbon uptake.
This observation both demonstrates the progressive movement of a phytoplankton bloom
between salinity zones within the estuary, and sometimes weak relationship between
phytoplankton biomass and production.
Univariate plots of the long-term relative distribution of chlorophyll.§ at each salinity
are presented graphically in Figure P.39 and in further detail in Table P.39. Measured
chlorophyll a meB;surements at each salinity zone are further subdivided, based on the
previous used categories of average 28-day Peace River flow, in Figure P.4D.
Graphical analyses of the relationships between preceding 28-day average Peace
River flow (Arcadia) and monthly chlorophyll.§ (all size fractions) levels between 1983 and
1993 at each of the four salinity zones are present overall, and by season, in Figures A156 through A-171. The only generalized finding shown by these figures is one similar
to that found for carbon uptake, where the highest levels of phytoplankton biomass trend
to be associated with intermediate salinities at intermediate levels of freshwater input.
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Yearly average chlorophyll a concentrations at each salinity zone are shown plotted
versus various yearly average gauged flow measurements in Figures A-200 through A211, and versus logged flows in Figures a-224 through A-235. These figures indicate no
generalized relationships between average yearly measurements of flow and average
yearly phytoplankton biomass levels within the estuary.

4.3.3 Interrelation of Size of Intermediate Salinity Zone to Peace River Flow
Much of the analysis of both phytoplankton production and biomass within this and
previous Monitoring Summary Reports have stressed the importance of the intermediate
salinity zones as critical to overall production within the Charlotte Harbor estuarine
system.

It is extremely important to keep in mind that river flow not only stimulates

primary production with these salinity zones, it also dramatically expands and declines the
aerial extent of these intermediate salinities within the estuary, exhibiting seasonally
enhanced production. This influences of river flow on the size of the intermediate salinity
zones is shown in Figure P.41 , which graphically depicts the relative distance from a fixed
upstream point (see Figure G.1) of 0 0/00 and 20 0/00. The difference between these
two salinities can conceptually be taken as the fundamental zone in which the most direct
nutrient stimulation of primary production within the estuary occurs. The seasonal and
long-term pattern of changes within the extent of this critical area of riverine influence is
shown in Figure P.42. Depending on Peace River flow (with secondary influences of wind
and tides) , the linear extent of this zone varied between 10 and 45 kilometers between
1983 and 1993. Taking into account the somewhat funnel shape of the estuary, the
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actual areal extend of water included within this mixed zone expands tremendously as the
distance shown in Figure P.40 increases.

4.3.4(a) Phytoplankton Production versus Peace River Flow
The relationships between Peace River flow (measured in CFS at Arcadia and
shown as solid lines with stars) and total phytoplankton primary production, all size
fractions, (measured as mg Carbon/m3/Einstein and shown as dashed lines with pluses)
were graphically analyzed. Figures P.43 through P.46 depict the three month moving
averages for these two variables between 1983 and 1993 at each of the four salinity
zones. Figures P.47 through P.91 take a more detailed approach reviewing the observed
relationships between measured monthly carbon uptake and average Peace River flow
over the 28-day period preceding each sampling event.

These relationships are

presented by year and station location between 1983 and 1993.
Analogous plots of total phytoplankton biomass, all size fractions, (chlorophyll
.9/m3, shown as dashed lines with pluses) were graphically analyzed as three month
moving averages (Figures P.92 through P.95), and as measured monthly values in relation
to the preceding average 28-day Peace River flow (Figures P.96 through P.139).
The observed seasonal relationships between the two differing measurements of
phytoplankton primary production, carbon uptake and chlorophyll.9 biomass, and Peace
River flow are extremely complex and not always constant.

In some instances the

resulting response of phytoplankton production to river flow needs to be taken in a
somewhat larger context. To some extent these relations are presented in a somewhat
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more easily interpretable format later in the statistical summary section of this document.
However, the following patterns and generalizations can be made:
1) Three month moving averages are widely used in environmental studies
as a smoothing technique. However, while the presented plots show some
interesting relationships, there is very little consistent correlation between
either of the two measurements of phytoplankton production and river flow,
each averaged over three month periods. This is especially true at the
higher salinity zones.
2) Although river flow inputs nutrients into the estuary, summer periods of
high river flow (resulting in high color and high light extinction) depress
phytoplankton production in the lowest salinity zones, more than does the
lack of nutrients during the typical spring.
3) The intermediate and higher salinity zones exhibit definitive lags between
peaks in flow and both measurements of phytoplankton production. The
length of these lags is in part related to the height and duration of the
preceding peaks in flow.
4) Spring primary production within the estuary is stimulated and
dependent upon the typical late winter/early spring rains that precede the
normal spring/early summer dry season.
5) The extent and duration of the typical fall increase in estuarine primary
production is dependent on the wet-season rapidly declining with enough
intervening time before the start of the cooler winter months.
6) Unusual seasonal patterns in Peace River flow can result in highly
atypical patterns of phytoplankton production within the estuary. An
example is 1993, when there were very high spring freshwater inflows,
followed by a much dryer than usual summer wet-season. This pattern
resulted in previously unrecorded massive diatom blooms in the higher
salinity waters of the estuary.

4.3.4(b) Phytoplankton Production versus Peace River Flow Inputs

Another method of investigating the relationships between phytoplankton primary
production and Peace River freshwater inputs to the Charlotte Harbor estuarine system
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is to test for the interaction of secondary components associated with flow which influence
production.

Two such components are: 1) color, which influences the extinction

coefficient of light within the water column and determines the depth of the photic zone;
and 2) nitrogen, which is the major macro-nutrient limiting phytoplankton production within
the estuary.

Graphical analysis of carbon uptake (all size fractions) measured

phytoplankton primary production versus water color, by both salinity zone and season,
are presented in Figures A-236 through A-251. Similar comparisons of phytoplankton
biomass, chlorophyll.Q (all size fractions), are shown in Figures A-252 through A-267.
Analogous comparisons of both phytoplankton measurements versus nitrate/nitrite
nitrogen are depicted in Figures A-268 through A-299. These figures only further support
other methods of analyses indicating that the highest levels of phytoplankton production
and biomass are associated with intermediate levels of freshwater inputs.

4.3.5 Size Fraction Determinations

In both areal and seasonal studies of phytoplankton primary productivity,
knowledge of the relative distribution of production within phytoplankton size fractions
provides important information to both phytoplankton community structure as well as
potential patterns of energy flow to primary consumers, such as zooplankton and filter
feeders.

The importance of segmenting measured phytoplankton production and

biomass estimates by relative size fractions has been emphasized in a number of other
estuarine studies, primarily in temperate systems. While the terminologies and size
ranges applied have varied, with regard to the use of such terms such as ultra-, nano-,
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micro- and net-, the value of partitioning phytoplankton assemblages into functional
groups based on size has been shown both in assessing food-chain value and
determining phytoplankton community responses to environmental variables.

One

premise for the division of phytoplankton assemblages into size based functional
groupings is the supposition that smaller cells with their intrinsically higher surface to
volume ratios should also have higher rates of photosynthesis and nutrient uptake under
limiting

conditions.

Overall

rates

of

primary

production

(as

mg

Carbon

Uptake/m3/Einstein) and chlorophyll a (mg/m3), indicating the relative contributions of
phytoplankton within each of three measured size ranges:
1) the fraction > 20 um
2) the fraction < 20 um and > 5 um
3) the fraction < 5 um,
are depicted by salinity zone and month for the years 1984 through 1993 in Figures P.140
through P.179. Four figures are presented for each year:
1) Carbon Uptake - comparable total amounts for each station and month
are depicted by the height of the bar with the measured value being given
beneath. The relative contributions are shown by the patterns for each size
fraction .
2) Percent Carbon Uptake - in each instance the height of the bar equals
100%, with the patterns depicting the relative percent of the total contributed
by each size fraction.
3) Chlorophyll a - comparable total amounts for each station and month
are depicted by the height of the bar with the measured value being given
beneath. The relative contributions are shown by the patterns for each size
fraction.
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4) Percent Chlorophyll B - in each instance the height of the bar equals
100%, with the patterns depicting the relative percent of the total contributed
by each size fraction.

These figures depicting the distribution of phytoplankton production and biomass
among the size fractions measured exhibit the following patterns:

1)
At each of the salinity zones, both production and biomass
measurements were generally dominated by the smallest size fraction « 5
um).
2)
In spite of the above generalization, in many instances larger
phytoplankton either comprised a significant portion or dominated the
community structure. Qualitative microscopic investigations indicated that
at the two intermediate salinity zones dinoflagellate blooms were often
associated with such conditions. At the highest salinity zones, increased
production and biomass in the largest size fraction was usually indicative of
large numbers of diatoms, with specific taxonomic groups being seasonally
important.
3) Although the relative distributions of both carbon uptake and chlorophyll
B among size fractions at a specific salinity on a specific date usually
followed the same patterns, exceptions did exist. In most of these instance,
chlorophyll B within the larger size fractions indicated significant biomass,
while carbon uptake was dominated by the smallest size fraction.

A significant amount of effort has gone into developing a comprehensive
determination of the relative importance of both phytoplankton carbon uptake and
chlorophyll B biomass. In order to further graphically analyze the relative importance of
the differing size fractions both among stations, and seasonally, a series of Pie-Charts are
present. Figures P.180 and P.181 , summarize the average relative importance of each
of the measured size fractions for more than 120 measurements of carbon uptake and
chlorophyll B made during the study at each salinity based station location. These figures
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graphically depict the progressive decrease in the relative percent importance of the
smallest size fraction and the increasing percent contribution to the phytoplankton
community of the largest size fraction with increasing salinity.
Seasonal differences among the four salinity zones in the relative importance of the
three measured size fractions are shown for phytoplankton carbon uptake in Figures
P.182 through P.194, and for phytoplankton chlorophyll E biomass in Figures P.195
through P.206. These figures represent monthly averages over the past ten years of
study.

The highest salinity zone sampled (20 0/00) showed the greatest seasonal

differences among the phytoplankton size fractions. These figures clearly indicate that
at 20 0/00 salinity the smallest size fraction dominates phytoplankton production and
biomass throughout the typical spring bloom periods. As previously indicated, this period
is typically characterized within the estuary by relatively clear water, and nutrient levels
rapidly declining to detection limits. Classical theory would predict that smaller sized
phytoplankton with their greater surface to volume ratios should have a selective
advantage during the observed conditions of severe nitrogen limitation. The dramatic
increase in the relative importance of the larger size fraction at the highest salinity during
the fall bloom at 20 0/00 would also seem to follow the prediction, as the stimulus for the
fall increase is declining color and an increasing photic zone, after high summer wetseason nutrient inputs.

4.3.6 Summary Statistics

Summary statistics for many of the preceding measurements of Physical, Chemical
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Parameters and estimates of Phytoplankton Primary Production are presented in Tables
P.14 through P.1S. Each summary table lists the: 1) variable name as given in Table P.2,
2) along with the maximum, minimum, mean and standard deviation for each
measurement over the designated period of time, and specified location.

SUMMARY TABLES
Table P.14 - physical measurements relating to light and Peace River flow,
summarized overall, by year and by month
Table P.15 - measurements of water color and extinction summarized overall, by
salinity zone, and by salinity and month
Table P.16 - major nutrients summarized overall, by salinity zone, and location
and month
Table P.17 - phytoplankton production and biomass estimates summarized
overall, by salinity zone, and by location and month
Addendum - Table 11 Chemical Parameters added in 1990, by location
and year and location

4.3.7 Descriptive and Predictive Analysis

The primary production and corresponding physical/chemical data sets collected
between 1983 and 1993 were further summarized by comparative graphical analyses of
the relationships of phytoplankton responses to the combined influences of seasonal and
flow related parameters. As indicated in Figure P.2, it was found that temperature, rather
than light, can be used to serve as an extremely stable proxy for seasonal variation. As
previously indicated, the two flow related parameters which dominate the response of
phytoplankton in the upper Charlotte Harbor estuarine system are nitrogen and color.
Three dimensional plots, Figures P.207 through P.222, were developed using the SAS
statistical procedure G3GRID using the observed ranges over all four salinity zones. This
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procedure takes the observed data and uses it to develop a statistically predicted
response surfaces employing functions which both interpolate and smooth the predicted
values. In interpreting these representations two important factors must be realized: 1)
ambient nutrient levels per se are often difficult to directly correlate with either carbon
fixation or chlorophyll a, and 2) the surfaces resulting from such 3-dimensional plots
represent values "predicted" from the observed data set, not observed values, ·and are
thus highly influenced by both the size and range of observations within the original data
set.
The difficulty in developing predictive responses using ambient nitrogen levels are
apparent in Figures P.207 through P.214. Although a number of very interesting patterns
are apparent, the interpretation of these response surfaces are somewhat confounded
by the observations that: 1) high levels of primary production can be sustained by rapid
rates of nutrient recycling during periods when ambient concentrations remain low, and
2) high ambient nitrogen levels occur both during the winter when production is restricted
by light and temperature, and during the summer when increaSing nitrogen is also
associated with increasing color.
Nevertheless, when phytoplankton responses, as measured by carbon uptake and
chlorophyll .E, were integrated over the ranges of temperature and nitrogen (N2/3)
characteristically seasonally observed at each salinity zone, the following generalized
patterns were apparent:
1) 0 0/00 Salinity - both carbon uptake and chlorophyll .E show very
similar predictive responses. Maximum production measurements are
expected at temperatures ranging between 20 and 25°C and ambient
nitrogen levels up to 0.6 mg/I. These are conditions typical of both Spring
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and Fall. Although a predicted secondary peak is apparent at high nitrogen
levels at low temperatures, very little production is predicted during periods
of high temperature and high nitrogen. This result corresponds, as shown
below, to the negative effects of high water color on phytoplankton
production.
2) 60/00 Salinity - two peaks in phytoplankton production are apparent,
one at lower and a second at the highest Summer temperatures. A much
diminished broader response is apparent over intermediate observed
temperature and nitrogen levels.
3) 12 0/00 Salinity - carbon uptake and chlorophyll a show somewhat
different predicted response patterns. While carbon uptake indicates steady
increasing rates with higher temperatures at moderate nitrogen levels, the
pattern for chlorophyll ,E is typified by discreet increasing peaks with rising
temperatures.
4) 20 0/00 Salinity - of particular note in these figures is the reduced
ambient range of observed nitrogen levels, when compared to the other
three salinity zones. At this salinity, at water temperatures above 20°C,
there is an almost linear response of carbon uptake to both temperature
and nitrogen. Chlorophyll,E, on the other hand, indicates extremely high
predicted levels at high temperatures and intermediate nitrogen levels.

The advantages of using color as a proxy for flow, combining the competing
influences of increasing nutrient loadings and decreasing light penetration of the water
column, are apparent in the predictive models shown in Figures P.215 through P.222.
These figures indicate:

1) 0 0/00 Salinity - peaks in both carbon uptake and chlorophyll,E are
predicted at intermediate temperatures and levels of water color.
2) 6 0/00 Salinity - both measurement of phytoplankton production and
biomass indicate predictive peaks at intermediate levels of color, and
stronger seasonal variation than at the lower salinity.
3) 12 0/00 Salinity - carbon uptake indicates a progressive predicted
response to the combined influences of increasing temperature and water
color (nutrient loading). Chlorophyll,E, by comparison, indicates a bimodal
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response having high predicted levels both at Summer temperatures with
intermediate ranges of water color, and winter temperatures at high color
levels.
4) 20 0/00 Salinity - at this salinity the predicted responses of the two
measurements of phytoplankton production, carbon uptake and chlorophyll
.§ biomass, show marked differences. Much like at 120/00, carbon uptake
indicates a progressive predicted response to the combined influences of
increasing temperature and water color over the observed ambient ranges.
Chlorophyll .§, by contrast, indicates very high predicted levels at
intermediate temperatures and high water color (nutrients).

Based on the preceding observed patterns the following generalization may be
made regarding phytoplankton production in the Lower Peace River/Upper Charlotte
Harbor estuarine system:

1) Both phytoplankton production and biomass are indicated to be low, at
all salinities, regardless of temperature, during periods of low water color.
2) As color increases to intermediate levels, both phytoplankton production
al"!d biomass are predicted to show significant responses. The magnitudes
of these responses are indicated as being highly temperature dependent.
3) Past a point at lower salinities, however, further increases in color
overwhelm the initial stimulation of increasing nutrients associated with flow,
and both production and biomass are predicted to decline rapidly.
4) The strongest indications of nutrient limiting conditions are apparent at
20 0/00 salinity, which shows the strongest seasonal responses to
increasing loadings.

4.3.8 Summary of Monthly Means versus Temperature and Nutrients
Many of the observed patterns present in the preceding sections of this document
can be observed in the summary patterns presented in Figures P.223 through P.226. In
these figures monthly means for carbon uptake and chlorophyll .§ at each salinity zone
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over the ten years of study are depicted versus corresponding monthly means of nitrogen
versus temperature, and color versus temperature. Seasonal difference at each salinity
zone correspond to relative position of monthly means within the X-V plain of the figures,
while differences in carbon uptake and chlorophyll

~

are depicted both by the vertical

height and the size of the symbol along the Z-axis.
These figures emphasize the following previously observed patterns:
1) There are marked differences among the salinity based stations with
regard to mean monthly water color and nitrogen levels, and these patterns
show strong seasonal patterns.
2) Carbon uptake and chlorophyll a both exhibit strong seasonal patterns
among stations, with the intermediate two salinities having the highest
phytoplankton production levels.
3) Carbon uptake and chlorophyll a differ in there response to the
combined influences of nutrient (nitrogen/water color) loadings and season
(temperature) .

4.3.9 Relationships between Carbon Uptake and Chlorophyll a
In these investigations the responses of estuarine phytoplankton to changes in the
physical and chemical environments were evaluated by the simultaneous measurements
of both growth rates as measured by carbon uptake and standing biomass as determined
by chlorophyll ~ levels. It should be noted that chlorophyll ~ as an estimate of biomass
can be influenced by both ambient light levels as well as the nutritional state of the cells.
Chlorophyll

~,

thus, often represents an integration of the phytoplankton community's

response to longer-term influences, whereas, carbon uptake rates reflect the cumulative
effects of current conditions.
The observed relationships between carbon uptake (mg Carbon/m3/Einstein) and
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chlorophyll a (mg/m3), as well as the relative percentages within each of the three
measured size fractions, are presented by salinity zones:
1) 0 0/00 Salinity - there was a moderate level of correlation between total
carbon uptake and chlorophyll a, as indicated in Figure P.227, which shows
the observed values, the predicted regression line and the corresponding
95% confidence interval. As indicated in Figures P.228 through P.230, there
were no real correlations between the percentages of carbon uptake and
chlorophyll a within each of the measured fractions during each sampling
event.
2) 60/00 Salinity - carbon uptake explained only 42% of the variability in
chlorophyll a overall and even less among the relative percentages within
each size fraction (Figures P.231 through P.234).
3) 120/00 Salinity - carbon uptake explained approximately 50% of the
variability in chlorophyll .§ in the largest and smallest size fraction (Figure
P.235 and P.238).
4) 200/00 Salinity - overall there was no correlation between the amount
of observed rates of carbon uptake and measured chlorophyll .§ levels at
this salinity zone. However, there were weak correlations between the
relative percents measured within the three size fractions of the two
measured phytoplankton estimates (Figures P.239 through P.242).

These figures indicate that although the two measurements of phytoplankton
production: 1) instantaneous growth rates as measured by carbon uptake, and 2)
integrated growth as measured by chlorophyll

.§

biomass, generally followed similar

seasonal trends, as observed in preceding sections of this document, there was only
weak (if any) direct correlations among these two measurements.

4.3.10 Long-Term Trend Analysis
The physical/chemical/primary production data set has been collected monthly
over a full ten-year period . This results in the data set being of sufficient time duration to
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allow for the use of sophisticated modeling techniques which test for the presence of
long-term trends with regard to time. Since chemical and biological data seldom meet
the criteria of normal distribution required of parametric models, non-parametric
procedures, which do not require extensive data transformations offer distinct advantages.
One of the most commonly employed non-parametric procedures used by the U.S.
Geological Service (USGS) and others to test for trends in water quality data is the
SEASKEN tests for monotonic trends in time employing modified forms of the Kendall's
Tau and Seasonal Kendall tests. The ten-year length of the data sets collected as part
of these investigations of primary production also allows for significance levels to be
tested after having made adjustments for serial correlations within the data (typical of
most field data).

Results of Seasonal Quintal (SEASKEN) Trend Analyzes are

presented in summary tabular format within this document. These Tables are organized
to provide the following information:

1) Parameter analyzed for the potential presence of a trend over a defined
period;
2) Tau Value - which is an estimate of the strength of any trend, zero
representing absolutely no trend, and increasing positive and negatiVE)
values (either side of zero) representing the increasing strength of any
calculated trend (ie. -0.05 might indicate a weak declining trend, while a Tau
Value of 0.20 would mean the presence of a very strong increasing trend
within a seasonal data set);
3) Significance Levels (estimated since the data does not need to be
normally distributed), both unadjusted and adjusted for serial correlations.
Note that many chemistry and biological parameters measured seasonally
(monthly) are by their very nature serially correlated; that is what is
measured one month is related to measurements for the same parameter
both during the proceeding and following months.
The SEAKEN
procedures requires at least ten years of data to correct the estimated
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significance level for this confounding potential source of error (thus both
estimates are given);
4) the Median value for each parameter (check Table P.2 for units);
5) the calculated positive or negative Slope of the resultant trend line. Note,
the SEAKEN procedure calculates a trend line and corresponding slope for
any set of data regardless of whether the TAU and Significance Levels
indicate the calculated trend is real;
6) in each instance where the Tau and Significant levels indicated the
presence of a significant trend an "Equation Describing the Estimated
Trend" is presented.

It should noted that in analyzing for the possible presence of trends in data,
especially using non-parametric procedures, one needs to consider if using the typically
applied 0.05 significance level is appropriate. This statistical was originally developed,
using normally distributed data, to determine the probability of making a Type I error in
accepting or rejecting the null hypothesis. One chance in twenty, 0.05, by convention has
been taken as the minimum level of acceptance. However in many area of science,
where the consequences of saying there is an effect where there is a five percent chance
of being wrong based solely on predictable statistical variation are totally unacceptable,
far more stringent significance levels aie used. Conversely, significance levels calculated
using the non-parametric Seasonal Quintal procedure of between 0.05 and 0.15 may be
indicative of trends while not strictly meeting the 0.05 criteria.

In conducting trend

analysis on biological and field data, it is probably valid to apply both the "old eyeball test"
and other associated analyses in evaluating for the presence of potential trends.
Depending on the observed distribution, variation and the occurrence of outlying values
within the data, it may often be appropriate to apply less stringent criteria. Parameters
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with calculated trend significance levels within this range if potentially negative, at the very
least, warrant continued observation.
Using a combination of the DECTIME code used for SAS and FORTRAN programs
obtain from the USGS, SEASKEN tests for the presence of long-term trends were run for
the various chemical, physical and biological data collected at the four salinity zones
between 1983 and 1993. Parameter codes used in Tables P.18 through P.21 match
those previously used throughout this report (see summary Table P.2).

1) Table P.18 - tests were run to analyze for the presence of long-term
changes in water color, macro-nutrients, carbon uptake, chlorophyll.E and
phytoplankton production within size fractions at 0 0/00 salinity. Significant
long-term declines in orthophosphorus, arid both phytoplankton carbon
uptake and chlorophyll .E were observed at this salinity zone. Carbon
uptake and chlorophyll a also indicated a long-term declines in the percent
of production attributable to the largest phytoplankton size fraction with a
corresponding increase in the smallest. A highly significant increaSing trend
in nitrate/nitrite concentrations at this salinity has been observed over the
course of these investigations.
2) Table P.19 - tests were run to analyze for the presence of long-term
changes in water color, macro-nutrients, carbon uptake, chlorophyll.§ and
phytoplankton production within size fractions at 6 0/00 salinity. A longterm decline in orthophosphorus is also apparent at this salinity. Of note
is the observation that silica level have also been slowly increasing. This
could possibly be explained by the observed decline in chlorophyll a within
the largest size fraction at this an the previous salinity. Another possible
source of increasing silica would be associated with non-point sources in
the Upper Harbor.
3) Table P.20 - tests were run to analyze for the presence of long-term
changes in water color, macro-nutrients, carbon uptake, chlorophyll.E and
phytoplankton production within size fractions at 12 0/00 salinity. As at 6
0/00 significant trends in orthophosphorus and silica were observed.
4) Table P.21 - tests were run to analyze for the presence of long-term
changes in water color, macro-nutrients, carbon uptake, chlorophyll.§ and
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phytoplankton production within size fractions at 20 0/00 salinity.
Significant long-term increases were apparent at the highest salinity zone
for color, carbon uptake, and the extinction of light within the water column.

The results of the preceding analysis yielded a number of long-term patterns which
were of particular interest.

Especially worthy of note, were the observed increase in

nitrate/nitrite nitrogen and declines in both carbon uptake and chlorophyll..2, as well as
orthophosphorus concentrations at the lowest salinity. This is in contrast to the observed
increases in water color, light extinction, and measured phytoplankton carbon uptake
observed at the highest salinity zone. These observations are especially of interest since
they are apparently independent of any long-term changes in freshwater inflow during the
period of study (see Section 3.0).
Further trend analyses were conducted for total nitrogen, total phosphorus, and
associated ratios at each of the studied four salinity zones (Addendum Tables 7). These
analyses indicate that Total Kjeldahl Nitrogen concentration have been increasing over the
period of study at all but the lowest salinity zone. As seen with the previous analysis of
orthophosphorus concentrations, total phosphorus levels at all four salinity zones within
the estuary have shown declines (although the trend at 20 0/00 has not been statistically
significant at a 0.05 level). The observed increases in total nitrogen, combined with
declining concentrations of total phosphorus have resulted in increasing calculated ratios
of total nitrogen/total phosphorus. It should be remembered, however, that phosphorus
levels within the Charlotte Harbor estuarine system remain extremely high, and although
nitrogen/phosphorus ratios may be increasing, the actual levels are very low. The results
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strongly indicate that nitrogen remains the major macro-nutrient controlling phytoplankton
populations within the estuary.
Analysis of the plots and models presented earlier in this document tend to
suggest that the observed declines in carbon uptake and chlorophyll a at 00/00 salinity
may in fact result from a change between the earlier years of the study and the later, in
the seasonal pattern of rainfall. Short periods of seasonal rains earlier in the Spring,
resulting in high phytoplankton production at the lower salinities, have been rare or absent
during the last few years.

The resulting decline is of particular interest, since it

emphasizes the dependence of phytoplankton production at the lower salinities upon river
flow during the Spring when flows are often very low. The observed long-term increase
in phytoplankton carbon uptake at 20 0/00, and the corresponding increase in the
extinction coefficient of light within the water column, is also of interest, particularly since
it seems to be independent of any corresponding change in river flow. If such trends
continue, they may well be indicative of increased nitrogen loading of the upper reaches
of the Harbor by non-point source discharges into the estuarine system.

4.4 Taxonomic Determinations of Phytoplankton Community Structure
In 1988 the collection of monthly samples for the analysis of phytoplankton
community structure was begun in conjunction with the long-term study of
physical/chemical water quality and primary production at the four monitored salinity
zones. Phytoplankton community structure has long been widely used in other studies
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as a tool in assessing both temporal and long-term changes in water quality in estuarine
system.

4.4.1 Phytoplankton Density
The densities of phytoplankton at each salinity zone are plotted in Figures P.243
over the five-year period of taxonomic monitoring both by: time versus salinity (a & b);
and by month versus salinity (c & d). Of note are:
1) the repeating pattern, associated with river flow, of high phytoplankton
densities between July and September at the two intermediate salinities
2) the very high peaks in phytoplankton densities occurring: in March at 0
0/00 and April at 6 0/00 of 1990; at 6 0/00 and 12 0/00 during the .
summer of 1991; at all salinities during the summer of 1993, with each of
these occurring after seasonally atypical rainfall patterns.

4.4.2 Taxonomic Structure
Complete summaries of the taxonomic counts for the monthly samples over the
five-year period are presented in Tables P.22 through P.25 by salinity zone.
These are divided into five major functional taxonomic groups:
1) Green Algae (Chlorophyta)

~

2) Flagellates (Euglenophyta and Pyrophyta)

3) Dinoflagellates

II

4) Diatoms (8acillariophyceae)

5) Blue-Green Algae (Cyanophyta)
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and summarized in Table P.26. Actual counted total cell densities, and further divided by
these functional taxonomic groups, are presented in Addendum Table 8. The observed
percentages of each group are shown in Addendum Figure 9. Summary statistics by
salinity zone and month, and overall for each of the four salinity zones, of these
phytoplankton groupings are presented in Addendum Table 10. Plots of these groupings
are presented over time, and by monthly means, at each of the four sampled salinity
zones in Figures P.244 through P.267 using the above pattern codes for each functional
taxonomic group. The following patterns of occurrence are apparent in these figures:
1) 0 0/00 Salinity - Blue-green algae are a very important part of the
phytoplankton during the period from February through April. Green algae
are typically dominant or show major increases in May during periods
characterized by low Peace River flow. Flagellates, by comparison, show
a strong increase in their importance within the phytoplankton community
related to increasing Summer river flows. Diatoms make up their smallest
part of the phytoplankton during such periods of high river flow, and are
important or show major peaks during the late fall and winter months, as
flow and water temperature decline. Dinoflagellates are not an important
component of the phytoplankton community at this salinity.
2) 6 0/00 Salinity - the taxonomic structure at this salinity zone shows a
dramatic decline in the importance of both green and blue-green taxa within
the phytoplankton community. This salinity zones is characterized by
alternating blooms of diatoms and flagellates, with dinoflagellates also
showing periodic blooms.
.
3) 12 0/00 Salinity - this zones is characterized by seasonal blooms of
flagellates, diatoms and dinoflagellates. Flagellates typically dominate
through the cooler months and well into beginning of Summer wet-season.
As river flow and temperature increase diatoms begin to become more
important.
Green algae are no longer an important part of the
phytoplankton community.
4) 200/00 Salinity - the seasonal patterns of the major taxonomic groups
at this salinity zone follow patterns generally similar to those observed at 12
0/00. Diatoms and dinoflagellates, however, show a marked increased in
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their relative importance within the phytoplankton community.

4.4.3 Analysis of Community Structure

Diversity and similarity indices have been widely utilized in analyzing community
structure. Such indices allow large amounts of information relevant to the richness and
equitablility of species within a community to be organized and reduced into a single
quantitative expression.

Two properties should characterize a diversity index to

accomplish this accurately: 1) the index should attain its maximum value when all species
are equally distributed; and 2) if all species within two samples are equally distributed

I

the value of the index should be greater for the sample with the largest number of
species.

A second measure of community structure often used in conjunction with

species diversity is species evenness. Evenness can most easily be thought of as an
expression or comparison of the observed species diversity within a community sample
to that of some theoretical maximum diversity for a sample of the same size and
containing the same number of taxa.
One diversity index commonly used in biological studies is the Shannon-Weiner
index (also known as Pielou base e). This measure of diversity was originally derived
from information theory and is used to predict the relative amount of information in a
sample as the uncertainty of predicting species identities of individuals selected at
random. The Shannon-Weiner index and it's corresponding measurement of evenness
are calculated as:
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Diversity (H')
Evenness (J')

=

-1 Sum [ Pi(ln Pi)]

=

(-1 Sum [ Pi(ln Pi)]) / loge S

where:
Pi
ni
N
S

= percent ith taxa represents of the total sample nJN
= number of individuals of the ith taxa in the sample
= total number of individual in the sample
= total number of taxa in sample

The "biological validity" of diversity indices can readily be criticized if attempts are
made to extend the mathematical characteristics of information theory contained in the
index to the structure of natural communities. However, if these indices are viewed as
convenient methods of condensing data and describing the distributions of taxa within
sampled communities, then their application becomes much more clear.
Shannon-Weiner indices of diversity and evenness were used to compare
phytoplankton species diversity between sampling months at each salinity zone. Table
P.27 lists the number of taxa observed within the monthly taxonomic counts of 500
cells/sample at each of the four salinity zones, and the resultant calculated diversity and
evenness indices. These phytoplankton community indices are plotted versus sampling
dates in Figures P.268 thought P.274. The following patterns were observed:
1) At each of the salinity zones, all three measurements of phytoplankton
.community structure showed a very wide range of variation with very little
in any way of discernable patterns or trends within any of the salinity zones.
2) One pattern was apparent in all three of these measurements of
community structure. The two lower salinities tended to have higher values
for each of the summary community statistics than the lower two salinities
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(although numerous exceptions occur within the data set). There was also
some indication of a progressive overall decline in each measurement with
increasing salinity.
3) The strong relationships between diversity and evenness is indicated in
Figures P.271 through P.274, in which both indices are plotted with time at
each salinity zone.

4.4.4 Analysis of Community Similarity

A second common measure of community structure often used is comparing the
taxonomic structure among samples is similarity. Similarity measures indicate the amount
of information of one sample or population that is contained or is "similar" to the
information of another sample or population. In this study the C lambda, or Morisita-Ona
index was used to measure the taxonomic similarity of the phytoplankton samples taken
within a salinity zone among sampling dates.
This index is widely used as a measurement of similarity weighing both the
presence of species and the relative abundance distribution of each species between
samples.

This similarity index is conceptually unambiguous in that, analogous to a

probability or correlation coefficient, its values vary from 0.0 to 1.0. Zero represents total
dissimilarity between samples, 0.0 to 0.4 generally denote samples from highly different
communities, 0.4 to 0.6 results are seen when comparing the distributions of taxa from
collections of intermediate likeness, and value 0.6 to 1.0 characterize samples taken from
increasingly similar or identical communities. Unordered matrices of such a similarity
measure, though useful, may often be confusing. Therefore, unordered matrices were
reordered by the following criteria. The phytoplankton sample with the lowest affinity
(similarity value) to all other sampling dates was placed at the top of the Y axis. Below
-76-

this was positioned the sample with the highest affinity to the first sample. Ranked in the
third position was the sampling date with the greatest similarity to the second sample, not
already listed. This procedure was followed until all sampling dates had been listed in a
comparative ordination along the Y axis. Each matrix was then completed by reversing
the ranked order of the sampling dates along the X axis. By this method each table was
constructed in such a manner that the affinity values generally increase both from the top
to bottom and from left to right. This results in the clustering of areas of high Similarity
separated by areas of low similarity along the diagonal margin.
The resultant Similarity matrices for the phytoplankton samples collected between
1988 and 1993 at each salinity zone are presented in Tables P.28 through P.31. Not
surprisingly, as apparent in these tables, the taxonomic similarity of the samples within the
four zones increased with increasing salinity.

4.5 SUMMARY
Physical/Chemical Parameters - In order to develop a thorough understanding
of the dynamics of phytoplankton production within the Lower Peace River/Upper
Charlotte Harbor estuarine system, it is important to comprehend both short- and longterm variations of those physical and nutrient parameters normally associated with
influencing phytoplankton growth. Long-term and seasonal monthly averages for both
a number of physical and nutrient parameters, as well as phytoplankton production and
biomass, were plotted for measurements taken at four salinity based stations between
June 1983 and May 1991 . Visual analysis of these figures suggested the existence of
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close relationships between changes of various estimated parameters and associated
phytoplankton production and biomass.
Descriptive Analysis - Primary production and biomass patterns were summarized
by comparative graphical analyses of the relationships between phytoplankton responses
and the combined influences of seasonal and flow related parameters. Temperature was
selected to serve as an extremely stable proxy for seasonal variation, representing both
increasing/decreasing ambient light and metabolic activity. Ambient water color was
chosen to represent the combined competing influences associated with higher
freshwater inputs: the stimulation of increasing nutrient loadings, and the negative effects
of decreasing light penetration of the water column.

The following patterns were

apparent:

1) Both phytoplankton production and biomass were found to be low,
irregardless of temperature, during periods of low water color.
2) As color increased to intermediate levels, both phytoplankton production
and biomass showed significant positive responses. The magnitudes of
these responses were observed to be highly temperature dependent.
3) Past a point, however, further increases in color overwhelmed the initial
stimulation of increasing nutrients associated with flow, and both production
and biomass declined rapidly.

Relationships between Carbon uptake and chlorophyll ~ - Chlorophyll E as an
estimate of biomass can be influenced by both ambient light levels as well as the
nutritional state of the cells. Chlorophyll E, thus, often represents an integration of the
phytoplankton community 's response to longer-term influences. Carbon uptake rates
reflect the cumulative effects of current conditions, and reflect ambient growth potential.
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Although analysis indicated that the two measurements of phytoplankton production:
1) instantaneous growth rates as measured by carbon uptake, and
2) integrated growth as measured by chlorophyll .2 biomass,
generally followed similar seasonal trends at each of the four salinity zones; there were
only weak direct correlations between these two measurements of phytoplankton
production.

Long-Term Trend Analysis - the physical/chemical/primary production data set

has extended over a sufficient period to allow for the use of modeling techniques which
test for the presence of long-term trends with regard to time. The SEASKEN procedure
for testing for monotonic trends in time using modified forms of the Kendall's Tau and
Seasonal Kendall tests was used to analyze for the presence of long-term trends in the
various chemical, physical and biological data collected at the four salinity zones between
1983 and 1993. During this period of time, Peace River water withdrawal has shown a
distinct increase. Significant long-term declines in both carbon uptake and chlorophyll£!
were observed at the 0 0/00 salinity zone. Significant long-term increases were apparent
at the highest salinity zone for nitrogen, carbon uptake and the extinction of light within
the water column.

It is suggested that the observed declines in carbon uptake and

chlorophyll.2 at 0 0/00 salinity may in fact result in part from a change in the seasonal
pattern of early Spring rainfall.

The resulting decline is of particular interest, since it

emphasizes the dependence of phytoplankton production at the lower salinities upon river
flow during the Spring when flows are often very low. The observed long-term increase
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in carbon uptake at 200/00 and the corresponding increases in nitrogen, color and the
extinction coefficient of light within the water column are also of interest, particularly since
they seem to be independent of any corresponding change in river flow. If such trends
continue, especially considering the observed increases in Total Kjeldahl Nitrogen at the
three highest salinities, they may well be indicative of increased nitrogen loading of the
higher salinity reaches of the Harbor by non-point source discharges into the estuarine
system.

Taxonomic Determinations of Phytoplankton Community Structure - In 1988

the collection of monthly samples for the analysis of phytoplankton community structure
was begun in conjunction with the long-term study of physical/chemical water quality and
primary production at the four monitored salinity zones.

Phytoplankton community

structure has long been used in other studies as a tool in assessing both temporal and
long-term changes in water quality in estuarine system. Distinct differences among the
major taxonomic groups were observed with regards to the four salinity zones, both with
consideration to species composition and seasonal patterns.

1) 0 0/00 Salinity - Blue-green algae are a very important part of the
phytoplankton during the period from February through April. Green algae
are typically dominant or show major increases in May during periods
characterized by low Peace River flow. Flagellates, by comparison, show
a strong increase in their importance within the phytoplankton community
related to increasing Summer river flows. Diatoms are less frequent in the
phytoplankton during such periods of high river flow, and are important or
show major peaks during the late fall and winter months, as flow and water
temperature decline. Dinoflagellates are not an important component of the
phytoplankton community at this salinity.
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2) 6 0/00 Salinity - the taxonomic structure at this salinity zone shows a
dramatic decline in the importance of both green and blue-green taxa within
the phytoplankton community. This salinity zone is characterized by
alternating blooms of diatoms and flagellates, with dinoflagellates also
showing periodic blooms.
3) 12 0/00 Salinity - this zone is characterized by seasonal blooms of
flagellates, diatoms and dinoflagellates. Flagellates typically dominate
through the cooler months and well into beginning of Summer wet-season.
As river flow and temperature increase diatoms begin to become more
important. Green algae comprise only a small part of the phytoplankton
community.
4) 200/00 Salinity - the seasonal patterns of the major taxonomic groups
at this salinity zone follow patterns generally similar to those observed at 12
0/00. Diatoms and dinoflagellates, however, show a marked increased in
their relative importance within the phytoplankton community.

5.0 ZOOPLANKTON STUDIES

5.1 INTRODUCTION
Zooplankton represent an important link between the phytoplankton community
and higher levels in the estuarine food chain. Many groups of organisms are represented
in the zooplankton either as larvae or adults, encompassing a wide variety of sizes and
motile capabilities and are typically dispersed in estuaries in patchy aggregates dependent
on river flow, wind direction and phytoplankton distributions.
The function of the zooplankton community in the estuarine ecosystem is twofold.
First, the role of the estuaries as nursery and spawning areas for many organisms is well
established. Since many species of zooplankton are herbivorous, feeding on productive
free

floating

phytoplankton,

zooplankton

convert

phytoplankton

biomass

concentrated, usable energy for higher level predators including ichthyoplankton.

into
A

second function of zooplankton in the estuarine ecosystem is that of nutrient recyclers.
Zooplankton graze heavily on the phytoplankton community and it has been shown that
through the excretion of vital nutrients, primary production of phytoplankton may be
stimulated, thus enhancing estuarine productivity.
Various physical and chemical parameters have been shown to influence
zooplankton distributions and abundances in estuaries. Such parameters include, salinity,
river flows, nutrient concentrations by influencing phytoplankton dynamics, temperature,
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and predatory densities. Uttle is known of the zooplankton assemblages of the lower
Peace River and Charlotte Harbor.
This program was designed to study flow-related population responses of
zooplankton communities in upper Charlotte Harbor to phytoplankton levels.

By

investigation of the role of zooplankton in the Charlotte Harbor estuary, insight may be
gained into the relative effects of freshwater withdrawal on this important constituent of
the estuarine system. Zooplankton were sampled in conjunction with phytoplankton at
the same four estuarine station locations.

5.2 METHODS
5.2.1 Monthly Zooplankton Collections
Field Methods

Zooplankton were collected monthly from four stations in the Charlotte Harbor
estuary. These collections were done concurrent with, and at the same salinity-based
station locations as the phytoplankton study. Samples were collected from: 1) the water
surface by filtering 75 liter of water, collected by a series of seven bucket grabs, through
a 50 um mesh net at each station ; and 2) collecting an oblique tow taken vertically from
the bottom to the surface using a 1.0 m, 50 um mesh net raised at a constant rate from
bottom to top at each station . Samples are preserved immediately in 5% unbuffered
salinity appropriate formalin .
laboratory Methods

Sample analyses were conducted using a 10-100X dissection microscope. Each
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sample is thoroughly mixed and aliquoted. Aliquot size (5 to 25 ml) depended on sample
densities with counts conducted in a zooplankton counting wheel. Aliquots were counted
until three successive counts yield no new taxa.

A minimum of 500 plankters were

counted for every sample. Zooplankton taxa were enumerated to the lowest taxonomic
unit possible.

Physical and chemical parameters for each zooplankton sample were

measured as described in the Phytoplankton Methods Section for later correlation with
the observed community patterns.

5.3 RESULTS AND DISCUSSION
5.3.1 General Trends
A total of 848 distinct zooplankton collections were made in Charlotte Harbor from
March, 1989 through December, 1993. Taxonomic identifications and enumeration of
specimens resulted in identification of 89 species or taxonomic groups of zooplankton
(Table Z.1) . These taxa represented all life stages from eggs for some invertebrates and
vertebrates to larval forms and fully reproductive adults. In general, there were significant
differences in the dominant taxa among the salinity stations.

Taxonomically, rotifers

(ROTOTARIA), crustacean copepods and nauplii, barnacle nauplii (CIRRIPEDIA), larvae
of MOLLUSCA, PLATYHELMINTHES, and ANNELIDA and various HYDROZOA were the
major divisions which selectively dominated the various locations.
Total zooplankton density from any collection location or depth was typically
between 500,000 and 1 million zooplankters per cubic meter of water. Densities were as
high as 5.8 million and as low as 10,000 individuals per cubic meter.
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5.3.2 Monthly Samples
The results of monthly zooplankton collections concurrent with phytoplankton and
productivity studies (Section 4) indicated that species richness (number of taxa per
sampling) ranged from 4 to 57 taxa in anyone collection. This includes both surface and
oblique samples with oblique samples generally having higher species number and
densities. Comparisons within stations between years and between stations indicate little
trend in zooplankton community density or diversity with variation between years being
almost as great as the variation between stations.
5.3.2.1

0

%

Salinity

At 0 ppt salinity (station 101), surface sample species richness ranged from 4 to
24 with the peak number of species present in May through August (Figure Z.1a). The
oblique samples had more taxa collected with a maximum species richness of 32 (Figure
Z.1b).
The highest densities of zooplankton were observed in late Fall (September
through December) with secondary peaks in density occurring in late Spring (April
through June) (Figure Z.2a). Peak densities exceeded 1 million individuals per m3 with
densities as low as 20,000 individuals.

Average zooplankton density at 0 ppt was

approximately 200,000 per m3 . Total zooplankton density was usually four to five times
greater in the surface than in the oblique collections (Figure Z.2b).
Pielou Base e species diversity metrics ranged from approximately 0.25 to 3.00 with
an average of approximately 1.75 for surface samples (Figure Z.3a, Z.3b) . Peaks in
diversity occurred in late Summer (August and September) with lowest species diversity
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found in Winter (January through March). High species diversities were also observed
in May and June of each year.

Evenness measures followed the trends in species

diversity (Figure l.4a, l.4b).
The zooplankton community at 0 ppt was dominated by filter feeding rotifers and
copepod nauplii, although low densities of adult copepods were observed. Seasonally
high densities of ctenophores, sipunculids, larvaceans, gastropods and gastropod larvae,
and hydrozoa medusae were also observed.

Peaks in these seasonally abundant

organisms generally corresponded to the periods of highest zooplankton densities and
diversity.
5.3.2.2

6%

Salinity

At 6 ppt salinity (station 102), surface sample species richness ranged from 7 to
39 with peak number of species present in June-July, October-November, and February
(Figure l.5a). The oblique samples had more taxa collected with a maximum species
richness of 41 and a minimum number of 11 (Figure l.5b).
The highest densities of zooplankton were observed in Summer (July through
September) with secondary peaks in density occurring in late fall (October-Nov) (Figure

l .6a, l.6b).

Densities ranged from 10,000 to 3.5 million individuals per m3 with an

average density of approximately 650,000 plankters. Total zooplankton densities were
similar in the surface and oblique collections. Pielou Base e species diversity metrics
ranged from approximately 0.10 to 2.8 with an average of approximately 1.50 for surface
and oblique samples (Figure l .7a , l.7b) . Peaks in diversity occurred in late winter
(February through April) with lowest species diversity found in September. Secondary
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peaks in species diversity occurred throughout the year without pattern.

Evenness

measures generally followed the trend in diversity (Figure Z.8a, Z.8b).
The zooplankton community at 6 ppt was dominated by copepod nauplii, filter
feeding rotifers, and the grazing calanoid copepod Acartia tonsa. Higher densities of
copepods were observed at 6 ppt than 0 ppt, primarily cyclopoid Oithona species.
Seasonally high densities of hemicordates, sipunculids, cirripedian nauplii, gastropod
larvae, and pelecypod larvae were also observed. Peaks in these seasonally abundant
organisms generally corresponded to the periods of highest zooplankton densities and
diversity.

5.3.2.3

12 %

Salinity

At 12 ppt salinity (station 103), surface sample species richness ranged from 4 to
35 with a peak number of species present in June-July, OctOber-November, and February
(Figure Z.9a).

The oblique samples had a higher number of taxa collected with a

maximum species richness of 53 and a minimum of 12 taxa (Figure Z.9b).
The highest densities of zooplankton were observed in late summer (AugustOctober) (Figure Z.10a) . Total density ranged from 20,000 per m3 to peaks in excess of
2.5 million.

Average zooplankton density from surface samples was approximately

800,000 plankters per m3 . Total zooplankton density was usually greater in the surface
than in the oblique collections (Figure Z.10b).
Pie lou Base e species diversity metrics ranged from approximately 0.3 to 2.6 with
an average of approximately 1.6 for surface samples and oblique samples (Figure Z.11 a,
Z.11 b).

Peaks in diversity occurred in late fall and early winter (December through
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February) and summer (June through August). Lowest species diversity found in October
and November.

Evenness measures generally followed the trend in diversity (Figure

Z.12a, Z.12b).
The zooplankton community at 12 ppt was dominated by copepod nauplii, Acartia
tonsa, polychaete larvae, an increased number and type of calanoid and cyclopoid
copepod including: Oithona species, Saphirel/a sp. and Paracalanus crassirostris.
Seasonally high densities of harpactacoid cope pods principally Euterpina acutifrons,
sipunculids, cirripedian nauplii, gastropod larvae, and turbellaria were also observed.
Peaks in these seasonally abundant organisms generally corresponded to the periods of
highest zooplankton densities and diversity.
5.3.2.43

20

%

Salinity

At 20 ppt salinity (station 104), surface sample species richness ranged from 10
to 55 with peak number of species present in May through July and February and March
(Figure Z.13a). Low species richness was typically observed in November of each year
except for 1992 when species richness was high. The oblique samples had more taxa
collected than the surface samples with a maximum species richness of 50 (Figure Z.13b).
Densities of zooplankton were cyclical with high densities in one month usually
followed by low densities the succeeding month (Figure Z.14a, Z.14b. Total density
ranged from 100,000 per m3 to peaks in excess of 4 million. Average zooplankton density
from surface samples was approximately 500,000 plankters per m3 . Total zooplankton
density was usually similar between the surface and oblique collections.
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Pielou Base e species diversity metrics ranged from approximately 0.75 to 2.9 with
an average of approximately 1.75 for surface samples (Figure Z.15a, Z.15b). Well defined
peaks and valleys in the diversity measure were not as readily observed at 20 ppt as at
the other stations with diversity more constant. This consistency was also seen in the
species richness. Evenness measures generally followed the trend in diversity (Figure
Z.16a, Z.16b).
The zooplankton community at 20 ppt was dominated by copepod nauplii Acartia
tansa, pelecyapod larvae, medusal forms of Hydrozoa and Schyphozoa, Acartia tansa,

and increased numbers of Oithana nana. Seasonally high densities of fish eggs and
larvae (Pisces), Cirripedia nauplii, Hemicordates, Ascideaceans, Turbellaria, and
Sipunculids were also observed.

Peaks in these seasonally abundant organisms

generally corresponded to the periods of highest zooplankton densities and diversity.

5.3.3 Summary
Diversity and eveness measures for all salinity stations by collection date are
presented in Table Z.2. , and summarized in Addendum Table 12. Comparisons between
stations in community measures such as diversity and evenness, and species richness
indicated that 0 ppt salinity, although having the high species diversity, was more variable
in richness and diversity than the other stations. The highest salinity zone, 20 ppt, was
least variable in diversity and richness measures, with 6 and 12 ppt intermediate. This is
due to the riverine nature of 0 ppt waters which were usually well upstream in the Peace
River. Rivers generally have much lower zooplankton diversity and densities than do
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lakes or estuaries. Total density estimates from all stations showed seasonal peaks in
zooplankton abundance followed by crashes in zooplankton number. Zero ppt salinity
generally had the lowest density of zooplankton with density increasing across stations
with increasing salinity.
Individual species responses across stations by collection date indicated salinity
specific responses of many taxonomic groups with season.

Zero ppt salinity had a

diverse zooplankton community with densities much lower than the other three salinities.
The zooplankton community of 0 ppt was dominated by rotifers with densities as high as
100,000 rotifers per m3 (Figure Z.17a, Z.17b) Station 6 ppt salinity had higher rotifer
densities than did 0 0/00 but due to higher overall densities rotifers accounted for a lower
proportion of the total zooplankton community than in 0 ppt water (Figure Z.17c, Z.17d).
Rotifer densities decreased at the higher salinity stations of 12 an 20 ppt salinity (Figure
Z.17e, Z.17f, Z.17g, Z.17h) .
Cope pod nauplii were the dominant plankter over all stations with densities as high
as 2.6 million nauplii per m3 (Figure Z.18a, Z.18b, Z.18c, Z.18d, Z.18e, Z.18f, Z.18g,
Z.18h). Peaks in zooplankton nauplii occurred in different stations at different seasons.
This may indicate that different copepod species were reproducing at different stations.
This may also indicate a differential response to salinity or other estuarine factors
associated with salinity of reproductive timing by widely distributed copepod species (e.g.
Acartia tansa) . Peak abundances of nauplii did roughly correspond at times, specifically

late spring at all stations with secondary peaks generally in the fall. Copepod nauplii were
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approximately similar in the proportion of the zooplankton community found at 6, 12, and
20 ppt.
The calanoid cope pod Acartia tonsa was by far the dominant cope pod species
found at any salinity zone with high densities occurring at 6 and 12 ppt salinities with
reported densities as high as 1 million per m3 . Other species of copepod crustaceans
were generally absent from the 0 ppt salinity waters. Species of the genus, Oithona, were
most abundant at the 20 ppt salinity waters, less abundant at 12 and 6 ppt, and occurring
infrequently at 0 ppt.

Other species of the dominant crustaceans were the calanoid

copepods Clausocalanus arcuicornis, Paracalanus crassirostris, and the cyclopoid
genera Saphirella and Farranula. These copepod taxa followed similar trends to Oithona,
but occurred at much lower densities than did either Acartia tonsa or Oithona species.
General trends in copepod abundances are presented in Figures Z.19a through
Z.19h. Station 20 ppt and 12 ppt had much greater densities and variablility in copepod
densities than did the fresherwater areas of the study. This is due to the diel migration
present in many copepod species. Since zooplankton collections were done at midday
with phytoplankton sampling, the copepods were near the bottom and not well
represented in the surface collections. Differences between the distributions of calanoid
versus cyclopoid zooplankton were observed with cyclopoid zooplankton more abundant
in the freshwater and marine areas of the study (0 and 20 ppt) . Calanoid taxa were least
abundant at 0 ppt and dominant in the brackish water areas (6 and 20 ppt). Plots of
calanoid and cyclopoid zooplankton densities by station and collection depth are
presented in Figures Z.20a-h and Figures Z.21 a-h .
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Zooplankton collections from the four salinity stations of Charlotte Harbor also
showed periodic high densities of larval forms of various non-crustacean invertebrates
taxa as well as planktonic adults (Figure Z.22a-h). Zero ppt salinity had episodic high
densities of larval fish and fish eggs as did 20 ppt salinity waters. All salinities sampled
frequently had large numbers of invertebrate larvae such as Echinoderms, Gastropods,
and Polychaetes as well as crustacean Cirripedia nauplii. Stations 6, 12, and 20 generally
had the highest densities of these larval forms, although high densities of gastropods
were reported from 0 ppt waters.
Other zooplankton groups frequently occurred in high densities at the higher
salinity stations. These include invertebrates such as: Turbellaria, Hydrozoa both medusae
and sessile forms, and Schyphazoa as well as chordate taxa such as: Hemichordates,
Urochordates, and Larvaceans. Other taxa such as Ctenophores and Sipunculids, and
Annelid worms were more abundant at the lower salinity stations of 6 ppt and frequently
occurred at 0 ppt. From these data it is evident that crustacean zooplankton were more
abundant at the marine stations and less abundant or absent in the freshwater areas of
Charlotte Harbor (Table Z.3).

Analysis of Variance of proportion copepods of the

zooplankton community between stations and sampling months was done to confirm this
observation (Table Z.4). In this analysis, 0 ppt was excluded due to the few occurrences
of copepods at this station. The results of the analysis indicated that the proportion of
copepod zooplankton were equivalent between salinities 12 and 20 and less at salinity 6.
As discussed above, the increased abundances of Acartia tonsa at 12 ppt and the high
abundances of Oithona species at 20 ppt were probably responsible for this result.
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Multivariate analyses of taxonomic distributions between stations using the SAS
procedure for Canonical Variate Analyses (CVA) indicated distinct taxa patterns within
stations that discriminated between the stations in terms of both taxonomic composition
and abundances. In this analyses, taxa that accounted for more than five percent of the
overall density across stations were used to try to discriminate between salinity zones.
Each individual taxa represents a dimension in multi-dimensional space that represents
overall zooplankton distributions among all salinities sampled. CVA constructs the axis
from all the species that best separates or discriminates between the salinities. CVA then
constructs the next best axis with the proviso that the second axis be independent or
orthoganal to previously constructed axes. This is repeated until the number of axis
construCted is one less than the number of groups being discriminated, in this case four
salinity zones yields three possible independent axes or Canonical Variates (CV's). These
axes or CV's are composite variables made up of the original species or taxa used in the
analyses.

This in effect, reduces dimensionality of zooplankton from the number of

original taxa to just a fewer composite variables or axis that describe the zooplankton
community. Each original taxa has a correlation with each CV axis. A high correlation
with the axis indicates that original taxa was useful in discriminating between the stations
and contributed significantly towards separating the salinities based upon taxonomic
abundances. In addition, all original observations can be transformed or "scored" into
canonical variate space and represented as such .
The results of the canonical variate analysis are summarized in Table Z.5. From
this analysis, two of the possible three canonical axes were significant. Correlations of
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the original taxa with the two significant canonical variates show that CV-I is positively
correlated with increasing numbers of Oithona species, Paraca/anus crassirostris,
Ascidiancea, Cirripedia nauplii, and Turbellaria while being negatively correlated with
Rotifer abundance (Table Z.6). A scoring of the original observations on CV-I would
indicate that observations with positive scores had high abundances of Oithona species,
Paraca/anus · crassirostris, Ascidiancea, Cirripedia nauplii, and Turbellaria and low

numbers of rotifers. A negative score on CV-I indicated a high density of rotifers and low
densities of Oithona, Paraca/anus crassirostris, Ascidiancea, Cirripedia nauplii, and
Turbellarians. A similar scoring procedure for the second axis indicated that a positive
score on CV-II was high in Ctenophores and low in copepod nauplii, polychaete larvae
and Acartia tansa while negative scores indicated the opposite.
A plot of the original observations in the above described canonical variate space
shows the discrimination between the stations with the means scores of each salinity
plotted with 95 % confidence ellipses (Figure Z.23). Clear discrimination between stations
is shown based upon taxonomic abundances with each station associated with a distinct
pattern of zooplankton distribution.

This also shows the gradation in zooplankton

communities with salinity from freshwater riverine conditions to more marine oriented
species at station 20 ppt salinity.
The influence of river flow on zooplankton communities was variable between
stations.

Given the low densities of zooplankton at salinity 0 ppt, responses of

zooplankton densities with flow were not evident in any year (Figure Z.24a through Z.24e).
Zooplankton densities were more strongly related to flow at 6 ppt than at 0 ppt, but were
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highly variable independent of river flow (Figure Z.25a through Z.25e). At salinities 12 and
20 ppt flow and zooplankton appear to be most strongly related. At station 12 ppt peaks
in zooplankton density were highly correlated with increasing river flow (Figures Z.26a
through Z.26e). The correlation of flow with zooplankton densities were weaker at 20 ppt
but still significant with general increases in zooplankton density corresponding to
increases in river flow (Figure Z.27a through Z.27e).
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6.0 PEACE RIVER VEGETATION SURVEYS

6.1 INTRODUCTION

Representative emergent and terrestrial vascular plants of the lower Peace River
and Upper Charlotte Harbor have been located and identified by The Environmental
Quality Laboratory, Inc. at various intervals from 1977 through 1993 as part of the Peace
River Water Treatment Plant Consumptive Use Permits or the Manasota Regional Water
Treatment Facility's Water Use Permit. Investigations of the vegetational patterns along
the Peace River through time have been accomplished through: 1) identification of the
first and last occurrences of indicator vegetational species, 2) species identifications at
two specific sites along the Peace River and 3) false-color infrared aerial photographs.
The vegetation of the lower Peace River exhibits a gradual transition from fringing
mangrove and salt marsh species near Charlotte Harbor to freshwater swamp forest
species upstream.

The causal relationships involved in this transition are complex,

involving the interactions of: 1) seasonal and longer-term changes in the relative positions
of isohalines along the river transect; 2) small scale variations in river bank elevations and
profiles ; and 3) a progressive change to more "frost tolerant" species inland.
There is a strong gradation in the vegetative association that naturally occurs along
the transect from Charlotte Harbor upstream to the freshwater reaches of the Peace River.
This gradient in vegetation is primarily due to the combined influences of brackish or
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saline water from Charlotte Harbor moving upriver through tidal flow, and fresh water from
the Peace River basin moving into the estuary. Fresh water inflows vary over various time
scales including: short-term (days to weeks) due to the passage of storm systems and
rainfall events; seasonal due to the occurrence of prevailing dry and wet seasons; and
inter-annually due to large variations in yearly flow volumes. Tides and river flow interact
to create a variety of salinity-based microhabits along the transect resulting in the
observed transition from salt-tolerant species in the Upper Harbor to complete domination
by freshwater species further inland along the gradient.

The

primary

concern

associated with freshwater withdrawal is the potential for induced long-term alterations in
riverine vegetative patterns and associations as a result ofom induced changes in the
average position of fresh/salt water mixing zones. The annual average postion of the
mixing zone is influenced by storm events, tidal cycles, and freshwater inflows.

A

decrease in freshwater inflow, either naturally occurring due to decreased rainfall in the
basin or induced by increased consumption within the Peace River Basin may move the
average position of the mixing zone upsteam, resulting in higher river salinities at a fixed
pOint and a concommitant change in the vegetation community over time. The purpose
of this portion of the Hydrobiological Monitoring Program was to examine long-term
patterns of floral distributions along the Peace River and Upper Charlotte Harbor in the
area of historic mixing zones and to identify changes in vegetation distributions that
maybe attributable to changes in freshwater inflows.
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6.2 METHODODOLGY
The Hydrobiological Monitoring Program begun in 1976 undertook a number of
efforts to both establish a baseline and look for long-term changes in vegetative patterns
potentially related to changes in freshwater inflows. The first and last occurrences of a
wide number of conspicuous plant indicator species have been located and identified
along the lower Peace River at intervals over the monitoring period between 1977 and
1993. This was accomplished by visual identification of the vegetation from a slow
moving boat working along the river banks from the Barron Collier Bridge (US 41),
designated as mile 0, to 15 miles upstream (Figure V-1) . The furthest point upstream is
located just above of the Water Treatment Facility (upstream of SR 761 bridge). Individual
specimens were noted as well as the beginning and end of the significant occurrences
of each indicator species. The long-term comparisons presented within this document
are based on the changes in the main occurrences of each species, and not on individual
specimens that could have easily been missed by a previous survey. Boat surveys were
usually done in June.
In addition to the above identifications, two sites along the Peace River were
chosen for more detailed long-term studies of the vegetative associations (Figure V-1) .
Site I, was chosen as being representative of the brackish/to saline transitional zone.
This Site is characterized by a mangrove fringe, interrupted by a narrow strip of upland
vegetation. Site II, by comparison was chosen as representative of the freshwater/to
brackish transitional zone. This Site is characterized by a wet, low-lying peninsula grading
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into an upland plant community.

Each Site has been surveyed at periodic intervals

between 1983 and 1993 at the same time as the boat surveys for the first and last
occurrence of conspicuous indicator species. Analysis within this document includes a
detailed comparison of the plant species observed at each Site during each of the
analysis years.
False color infra-red aerial photographs along the lower Peace River from Arcadia
to the Barron-Collier Bridge in Upper Charlotte Harbor have also been taken at least once
a year since 1993. These photographs provide a basis for long-term comparisons in
order to establish any potential overall, major changes which may have occurred in
vegetative patterns along the lower Peace River.

6.3 RESULTS
6.3.1 First and Last Occurrence
6.3.1.1 General Vegetation Pattern of the Lower Peace River

As indicated by the most recent field investigations in 1993 (Figure V-2 and Table
V-1 ), the river banks and islands along the lower Peace River and Upper Charlotte
Harbor are characterized by higher salinity tolerant species. Red mangroves (Rhizophora
mangle) predominate at the lowest elevations. Slightly higher elevations along the banks

are covered by white mangroves (Laguncularia racemosa) and/or communities of black
rush (Juncus roemerianus) and leather fern (Acrostichum aureum). The occurrence of
highly salt tolerant species such as red mangrove, white mangrove and black rush
disappear between 7.6 and 8.6 miles upstream, as the tidal influences of saline Harbor
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water becomes less, due to freshwater inflows from the Peace River. Leather ferns can
be found along the lower river banks from near the mouth of the river, inland all the way
up to Mile Marker 15 where the investigation ended. Cabbage palms (Sabal palmetto)
begin to appear around mile 2.5 and were seen up to the end of the transect. The exotic,
Brazillian pepper (Schinus terebinthifolius), was also often common throughout the length
of the transect study.
As part of a generalized pattern, slightly less salt tolerant species such as
cordgrass (Spartina bakeril), cattails (Typha domingensis), and bulrush (Scirpus validus)
were first identified along the river banks inland somewhere between Miles 4 to 6.
Cordgrass was observed to have one of the narrowest ranges between salt and fresh
water influences, initially appearing inland at approximately 4.5 miles, and disappearing
around 8.8 miles upstream.
At approximately Mile Mark 6 another distinct grouping of vegetation was
distinguishable along the river. This group includes species such as: Southern bayberry
(Myrica cerifera) , pond apple (Annona glabra), live-oak (Quercus virginiana), saw

palmetto (Serenoa repens) and sawgrass (Cladium jamaicensis). Southern bayberry is
a significant component of the vegetative association inland up to the 15 Mile Mark, while
the importance of species such as live-oak and saw palmetto that occur sporadically on
high ground disappear as fresh water swamp species begin to dominate further inland
along the transect where the elevation of the banks is lower.
Except for young bald cypress (Taxodium distichum), which begin to appear in
substantial numbers approximately 8 miles upstream from the US 41 Bridge in the slightly
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higher elevations, vegetative associations commonly considered strictly freshwater taxa
begin to appear and dominate generally between Mile Marks 9.5 and 11.5.

These

freshwater indicator species include: swamp bay (Persea palustris) , red maple (Acer
rubrum) , Southern elderberry (Sambucus simpsonii), carolina ash (Fraxinus caroliniana),

water hickory (Carya aquatica) , laural oak (Quercus laurifolia) , taro (Colocasia
esculentum) , and the American elm (Ulmus americana).

This vegetative association

continues then to dominate the upstream vegetative community through the end of the
transect at Mile Mark 15.

6.3.1.2 Comparisons between years, First and Last Occurrences
Comparisons were made between the first and last occurrences of the observed
indicator species at four different periods during the Monitoring Program (1982, 1988,
1991, 1993).

Vegetation data was initially collected in 1977 to establish a baseline.

However, as stated in previous documents, the 1982 data confirmed and better defined
the limits of the indicator species . The 1982 transect data is therefore used as a basis
for the start of long-term comparisons in this report. The 1988 transect data is used in
this report to look for any significant changes which may have resulted from the extended
period of drought which occurred in the Peace River Basin during the mid-1980's.
Transect data from 1991 and 1993 were selected both for long-term comparisons, and
to demonstrate changes that may occur even over a short two-year period. Figures V3(a) through V-3(g) depict any differences, or migrations, that have occurred within the
indicator species over the selected periods of time. Figure V-4 provides a further basis
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of determining if any of the observed differences could potentially be attributed to
corresponding year-to-year changes in Peace River flow.
Figure V-3(a) depicts the long-term distributions of the "salt water tolerant" indicator
species along the vegetative transect. These taxa extend from Upper Charlotte Harbor
upriver to generally about the Mile Marker 9. As indicated by Figure V-3(a), there has
been very little differences in the relative locations of significant populations of these
species over the years. Rhizophora mangle (red mangrove) and Laguncularia racemosa
(white mangrove), line much of the Harbor and the tidal banks of the Lower Peace River.
Floating seeds of both these species are carried upriver on tides or by wind, and
occasionally become established at, or even above, the upper reaches of the brackish
zones. Both species will grow in fresh water, however, they require full sunlight and are
with time, usually replaced by the dense vegetation characteristic of the riverine freshwater
species. The black needle rush, Juncus roemerianus, grows in broad open colonies on
tidal flats found along the Lower Peace River/Upper Charlotte Harbor. As such, Juncus
roemerianus occurs in about the same range as the mangroves. Seeds of this taxa may

be carried upriver, but establishment of significant populations is limited by lack of
appropriate flooded flat lands in open sun.

Erratic upriver sightings of Juncus

roemerianus, like that of the mangroves, are of randomly established colonies which are

not permanent. These scattered individuals reflect wind and tide seed dispersal patterns,
rather than any long-term water quality changes.

Schinus terebinthifolius (Brazilian

pepper) is an opportunistic weedy shrub or tree that invades almost any place its seed
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can float or be carried. It occurs throughout the river system and has little value as an
indicator species.
Figure V-3(b) indicates the distributions of that group of species which first begin
to occur in significant numbers around Mile Mark 4. All of these species are able to
tolerate extended brackish conditions.

Along the Lower Peace River, Sabal palmetto

(cabbage palm) is first observed as scattered individuals growing on slight mounds amid
the shallow marshes of cord grass. This species of palm becomes a more dominant part
of the river forest community as one continues to proceed upriver.

The apparent

downriver expansion of this taxa depicted in Figure V-3(b), of about three miles, may be
real or it may only reflect a variant of how far from the actual river edge the first specimen
was recorded by the field teams.

This may have been the case since they are

conspicuous above the marsh grass for a long distance. Bulrush (Scirpus va/idus), forms
dense colonies along the waters edge. This relatively short-lived sedge is fairly tolerant
of moderate brackish conditions, and has the potential of readily reflecting significant
short- and long-term changes in isohaline locations in the Lower Peace River estuary.
The observed range of the first sighting during the period of study has remained fairly
consistent. This taxa disappearance from the riverine vegetative community inland near
the 13 to 14 Mile Mark is probably due to a lack of shallow flooded substrate. Cattail
(Typha domingensis) grows out into shallow water in sunny locations. This aggressively

spreading species is somewhat tolerant of brackish conditions and is usually restricted
by water depth. Spartina bakerii (cordgrass), will grow in shallow flooded situations as
well as on sandy dry mounds as long as there is open sun light.
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In the lower river

floodplain Spartina bakerii forms open colonies beginning near the Mile Mark 4. The large
dense tussocks of this grass species are long lived increasing in size each year and
colonies are fairly permanent. The observed upriver movement of this taxa between 1982
and 1988, Mile Mark 3.5 to 6.0, may reflect the extended drought period of the mid-1980's
(Figure V-4) . This was followed by the gradual downstream spread of this taxa in
subsequent years. Spartina bakerii disappears upstream between Mile Marks 9 and 10,
probably due to a lack of appropriate shallow shoreline growing space. The extension
of this taxa upriver to the end of the transect in 1982 was probably incorrect.
Figures V-3(c) and V-3(d), depict the distributions of species that first begin to
occur around Mile ·Mark 6. Cladium jamaicensis (sawgrass), grows in colonies on
flooded peat soil. The relatively short life span of this sedge species suggests that its
distribution may reflect quicker responses to changes in relative isohaline locations than
many of the other indicator taxa.

Cladium jamaicensis tolerates slightly brackish

conditions. However, it is usually found only in riverine reaches which are predominately
fresh water. New colonies of this taxa may become established from seed on muddy
shoals, and may quickly disappear either as a result of erosion or over-shading by taller
vegetation. During the transect studies, plants of this taxa were found in large open
colonies beginning near the Mile Mark 6 in 1982, and 1991 and 1993 with a slight
downstream expansion in 1988.

Significant colonies of sawgrass disappear upriver

around near Mile Mark 11 , probably due to a lack of stable mud shoals as the river
narrows and the shoreline becomes more abrupt above this point.
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shrubby herb that typically grows just above the normal high water line. Its berries are
widely distributed by animals, which may account for the observed wide variation of
almost 2.5 miles in its initial sightings.
Figure V-3(g) depicts the long-term distributions of those indicator species that are
the least tolerant of brackish water. These taxa generally first begin to occur around Mile
Mark 10 or 11. Quercus /aurifoJia (laurel oak) is slow growing on land above the water
line, and Fraxinus caro/iniana (water ash) is a fast growing species usually on flooded soil.
The initial occurrences of both these taxa were always noted within a mile section of river
shoreline. The exact location of each taxa may be in part a factor of tree growth, with
larger and/or isolated individuals being much easier to spot. In the case of the oak, the
higher the individual the easier it is to spot, where ash trees, by comparison, tend to
remain small, and as such are easily outgrown or obscured from view by adjacent
vegetation. Of these two taxa, the ash would probably be the better indicator of potential
changes in salinity since plants tend to stand directly in the water. The light, papery
seeds of the ash also have a greater dispersal potential than those of the oak. River flow
would naturally carry ash seeds downriver where there should be a tendency to expand
depending on conditions.
In summary, the observed variations and shifts in the relative distributions of the
indicator species presented in these figures do not indicate any extreme or unusual
disru!')tion in the plant communities along the Peace River during the period of study.
Most of the observed changes in the distributions of the indicator taxa have been
relatively subtle or can be attributed to difference in the criteria used by different
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observers conducting the research, especially with regard to the disti[lction between
classifying scattered individuals versus significant populations.

Some short-term

differences in vegetative patterns along the Peace River transect, however, did seem to
be associated with the corresponding extended drought and low wet-season summer
flows which occurred in the mid-1980's.

6.3.2 Comparisons of Two Sites Along the Peace River
As part of the long-term studies of vegetation in the Lower Peace River, two Sites
characterized by distinctly differing floral communities were chosen for more detailed
study in order to evaluate potential changes over time which could be associated with
natural variations in river flow. Site I was selected as representative of a brackish to saline
transitional zone in the Peace River. This Site is characterized by mangrove fringe with
a narrow strip of upland vegetation (Figure V-1). Site II, by comparison, was selected as
being representative of a freshwater to brackish transition zone.

This second Site is

differentiated by being characteristic of a wet low-lying peninsula grading into an upland
community. Short- and long-term changes in species composition at these two locations
along the Peace River transect are shown pictorially in Figures V-5 and V-6.

All

identifications presented in this section were done by the same botanist and done on the
same day as the boat surveys for the first and last occurrence of conspicuous plant
indicator species.

All comparisons of the two sites were done in June of the years

presented except for August, 1990.
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Species growing along the water edge or in the water are, of course, are subject
not only to seasonal changes in isohaline locations but also to physical alterations of the
shoreline. Other conditions such as overflooding at certain times of the year may prevent
reseeding, or drought conditions may result in more sandy shoreline exposure and
establishment of new seedlings. Shaded boxes in these Figures indicate the year in
which a species was identified as present. Taxa within each Figure are arranged from top
to bottom in order to aid showing when species (or groups of taxa) appeared and
disappeared at each Site. Those species that were identified in the earlier years and then
disappeared, appear at the top of the figures. Those species that were identified every
single year and represent the core group of plants that have maintained stability appear
in the middle of each Figure. Correspondingly, species that began to appear in later
years are shown toward the bottom of the figures.
In Figure V-5(a) the core group of species begins with Scirpus validus and
continues down through Bacopa monnieri.

This represents fifteen species of plants

tolerant of brackish water conditions that have remained throughout the ten year interval
shown. In Figure V-6(a), although there have been a greater total number of species
represented during the study, there have been only fourteen species that have remained
throughout the ten years. Infrequent representations of some species may represent
opportunistic development of seedlings that temporarily colonized, but did not have
appropriate conditions for long-term survival such as an appropriate long-term salinity
regime or enough open shoreline. For instance, a number of species growing in water
disappear after the 1983 census. This may be due to two wet years, 1982 and 1983,
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Beginning in 1990, line transects were established at Sites I and " from the
shoreline to ten meters waterward to determine what vegetational species were growing
in these specific areas. A line, marked at meter intervals, was stretched from a stake on
the shoreline into the water to the ten meter length.

All plants along the line were

identified and drawn on a map as to location and stage of development. This was
repeated in 1993 and the results are depicted in Figures V-7 and V-B. Comparison of
Figure V-7(a), Site I in 1990, to Figure V-7(b), Site I in 1993, shows the same basic floral
pattern was present, given two years of growth and the establishment of a few other
species.

Figures V-B(a) and V-B(b) show a similar pattern.

The major observed

difference between 1990 and 1993 at Site " was the disappearance of Cladium
jamaicensis (sawgrass) to the 3.0 meter mark and the replacement with five different

species.

Scirpus validus (bulrush) appears to be well established at this location,

increasing in coverage as other smaller species disappear.

6.3.3 Infra-red Aerial Photography
Infra-red aerial photographs have been taken approximately yearly from 1977
through the present, from Arcadia to the U.S. 41, Barron-Collier Bridge in Punta Gorda.
Figures V-9 and V-10 represent vegetational mapping done of the Peace River from mile

o to mile 15.

These figures were prepared from a combination of the aerial photography

and the ground-truthing by boat done during the first and last occurrence studies. Figure
V-9 was prepared in 1977 and Figure V-10 was prepared in 1993. Close scrutiny shows
little overall change in general vegetative patterns to have occurred over this time interval.
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Figures V-11 (a) through V-12(d) are reproductions of the infra-red aerial photographs that
were taken of Sites I and II (see above) during 1982, 1988, 1990 and 1993, approximately
the same four representative years used in Figures V-3(a) through V-3(g) for the First and
Last Occurrence study.

Examination of these sites support the preceding study's

conclusions that few changes have occurred in the major floral communities along the
Peace River over the past 15 years. The mangrove fringe and vegetational patterns in
the vicinity of Site I appear to be unchanged over time. Site II also appears very similar
from 1982 to 1993 with any observed changes attributable to the tidal stage at the time
the photographs were taken.
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